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.Abstract 
Amphistomes are thick bodied, conical or cylindrical digeneans, distinguished from 
other forms by the possession of posteriorly located acetabulum responsible for causing, 
the disease " paramphistomiasis" in tropical and sub-tropical regions. Rumen amphistomes 
generally render a low pathogenecity causing acute catarrhal and haemorrhagic inflamma-
tion in the abomasum, duodenum and jejenum with associated anaemia, hypoproteinaemia 
while the am.phistomes parasitizing bile duct cause superficial haemorrhage, pronounced 
periductal fibrosis and other hyperplastic changes. Immature paramphistomes migrating in 
the intestine cause severe pathological changes characterized by general debility, enteritis 
and development of foetid diarrhoea, often leading to death. Paramphistomiasis is a 
common disease of buffaloes in our country and in some localities the prevalence of 
infection in individual hosts can reach tens of thousands of flukes. The paramphistomes 
associated with epidemics in Uttar Pradesh, in order of frequency, were Gastrothylax 
crumenifer, Cotylophoron cotylophorum, Paramphistomum cervi, Fischoederius elongatus 
and Paramphistomum epiclitum. A survey on epidemiology of paramphistomiasis from 
our laboratory revealed that 92-94% of buffaloes were infected with amphistome para-
sites, P. epiclitum being the most common species (88.34% incidence) infecting rumen. 
Among the bile duct parasites, Giganlocotyle explanatum was the most wide spread 
amphistome infecting 37.66% of buffalo livers. 
Despite their economic importance in national economy, the contribution made by 
the animal wealth is not very satisfactory. Poor animal health is one of the reasons 
assigned to their meagre output. The parasites cause an untold damage to our livestock as 
well as reduce the food resources available for many millions of inhabitants of India. 
The devastating situation created by paramphistomiasis requires a control measure 
to save our livestock. But, before the formulation of any chemotherapeutic or other 
control measures, it is important to understand the parasite biochemistry and physiology, 
host-parasite relationship, diversification of biomolecules and adaptations found among 
different groups of parasitic helminths. Knowledge of these aspects will be helpful to 
explore the various mysteries which can be exploited rationally to control the parasite 
problem. Though tremendous amount of literature relating to the biochemistry and physiol-
ogy of trematodes have been reviewed by many workers but still there are ample avenues 
in helminth physiology and biochemistry which needs to be investigated. The present 
investigation involves a number of studies covering behavioural, pathophysiological, 
biochemical and immunological studies, so that a wide spectrum of information becomes 
available on the amphistome prasites. It will not be out of place to mention that whatever 
the work has been carried out, it was in a moderately equipped laboratory and many 
aspects could not be studied due to the lack of facilities. 
The salient features of the results in the present study are summarized below 
according to different chapters. 
Chapter-I deals with the behavioural aspects of larval stages and pathophysiological 
studies on the intermediate snail host Gyrauhis convexiusculus due to infection with 
larval stages of Gastrothylax crumenifer. 
In order to observe the behavioural changes in the larval stages of G. crumenifer, a 
number of experiments were performed. Three larval stages, miracidia, cercariae and 
metacercariae of G. crumenifer were collected to carry out the following studies: (a) 
chemical preference by miracidia (b) colour preference by cercariae, (c) vegetation pref-
erence by cercariae and (d) in vitro excystation of metacercariae. 
The results obtained, revealed that the behavioural pattern of miracidia in response 
to a number of chemicals like aspartic acid, alanine, arginine, glucose, valeric acid, lactic 
acid and tissue homogenates of Gyraulus convexiusculs, Indoplanorhis exustus, Vivipara 
bengalensis and Lymnea luteola, revealed variations in the swimming pattern as well as 
in the total number of contacts to chemical / homogenate impregnated agar blocks. It was 
observed that among the test chemicals used, the maximum number of miracidia were 
attracted to aspartic acid followed by alanine, lactic acid, arginine, glucose and valeric 
acid while among tissue homogenates of snails, maximum miracidia were attracted to their 
intermediate host G. convexiusculus followed by /. exustus, L. luteola and V. bengalensis. 
The swimming pattern of miracidia exhibited chemo-klinokinesis, chemotropotaxis, 
dipping response, body parallel movement and boring or penetrating effect. 
During the present investigation, all the test chemicals and snail tissue homogenates 
attracted or stimulated the miracidia of G. crumenifer with varying degrees. The 
attraction or stimualtion was indicated as increased wig wag and turn at a distance 
movement. This type of movement with increased random turning was interpreted as 
'chemo-klino-kinesis'. The term 'chemo-klino-kinesis' means change in the rate of random 
turning or angular velocity in response to a chemical stimulus. This sort of movement 
appears to aid in locating a gradient of diffusing chemicals and the source. Among all the 
chemicals as well as snail tissue homogenates impregnated in agar blocks tested, aspartic 
acid and alanine appeared as the most stimulatory chemicals at ImM concentration. Some 
other types of swimming behaviour were also observed. Alanine, arginine, glucose and 
valeric acid impregnated agar blocks elicited 'chemo-tropo-taxis' meaning locomotion 
straight towards or away from the source of the chemical stimulus. The lactic acid agar 
blocks revealed a mixed type of miracidial response like repeated contacts with the test 
block in series of dips (dipping response), movement with the formation of one or several 
loops both before and after contact of the miracidia with agar blocks. Among snail 
homogenates, the homogenate of V. bengalensis impregnated test blocks revealed mixed 
type of response, L. luteola revealed abnormal swimming pattern, /. exustus showed two 
types of swimming pattern viz., (1) miracidia returned back after contact and (2) miracidia 
moved parallel to the surface of agar blocks. While G. convexiusculus test blocks induced 
boring or penetrating action of miracidia. 
From the above results, it can be concluded that the Gaslrothylax crumenifer miracidia 
have differential preference for some chemicals over others. While among the four snail 
species under study, the G. crumenifer miracidia indicated grater choice for their inter 
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mediate host G. convexiuscu/us but they were also attracted to other snail species. 
During the present investigation, colour response of G. crumenifer cercariae was 
determined. In order to perform this experiment, day light, yellow, green, red and black 
colours were chosen. Resuts of the colour preference revealed that the G. crumenifer 
cercariae prefer mostly the day light (46% encystment) followed by yellow (19% 
encystment), green (17% encystment) and black (13% encystment) colours, which affect 
moderately while preference for red colour is very poor showing only 7% encystment. 
Preference of G. crumenifer cercariae to a number of vegetation obtained from the local 
ponds, was also determined. It was*found that 59% of cercariae encysted on Pithophora 
sp. followed by common grass (22%), Cynodon dactylon (13%) and water hyacynth (6.5% 
encystment). 
Variations in the behaviour of these larval stages in response to a number of param-
eters understudy, can be explained on the basis of neuroscience because the control of all 
the behavioural activities lies in the nervous system. Unfortunately the nervous system of 
the platyhelminths is poorly understood and only now the details of neuro anatomy and 
neurocytology are emerging. It has also been realized that the nervous system in the 
parasitic helminths may play a major role in many aspects of their biology. 
The above discussions may also be true for the exystation process of G. crumenifer 
metacercariae under study, which revealed differential response in varying in vitro 
conditions. For the exystation studies, a number of combinations of pH and temperature of 
normal saline were tried but none of the steps could trigger the exystation process. 
Distilled water, tap water and pond water with varying osmolarity, also failed to induce 
the excystation process. Various concentrations (0.5-1.5%) of pepsin, again could not 
initiate the metacercarial exystation. The triggering stimuli was observed in the presence 
of bile salt, Na-glycotaurocholate and natural biles of buffalo and dog. Surprisingly, the 
metacercariae exysted earlier in dog bile as compared to bile obtained from buffalo. The 
difference in the exystation time can be interpreted possibly on the basis of variations in 
bile salts of herbivores and carnivores. Further, it may also be possible that this 
phenomenon happens only under in vitro conditions rather than in vivo or it may 
also be possible that the bile of carnivores is more effective during in vitro incubations 
as compared to the bile of herbivores. It is very difficult to assign any concrete reason at 
this stage. However, further studies are required to draw any conclusion. 
Second part of the Chapter-I deals with the pathophysiological .studies on the 
freshwater gastropod G. convexiusculus, an intermediate host of the rumen amphistome G. 
crumenifer. Normal and infected hepatopancreas as well as head & foot tissues were used 
for the estimation of a number of biochemical components like protein, glycogen, total 
lipid, lipid fractions, RNA and DNA. Some known pathological marker enzymes like acid, 
alkaine phosphatases and aspartate (GOT), alanine (GPT) transaminases were also 
assayed. 
The results obtained, revealed that the biochemical profile of parasitized tissues is 
altered when compared with normal tissues of snails under study. Protein contents of 
infected tissues were found to be elevated by 1.6 and 1.3 fold in hepatopancreas as well 
as head & foot tissues while the glycogen content doubled in both hepatopancreas and 
head & foot tissues of infected snail as compared to normal snails. Contrary to this, total 
lipid depleted drastically in infected tissues whereas among lipid fractions free fatty 
acids and phospholipids were found to be elevated while the cholesterol level decreased 
in infected snail tissues as compared to normal tissues. Further,the level of RNA and DNA 
increased by 1.0 fold in infected hepatopancreas as compared to normal snails. The level 
of enzymes, like acid and alkaline phosphatases as well as GOT and GPT under study 
were also found to be increased in the parasitized snail tissues as compared to normal 
snails. 
Pathological changes occuring in the intermediate host of digenetic trematodes can 
not be generalised due to the involvement of a range of parasitic larval stages which differ 
in their physiological requirements, mode of feeding and morphological complexities. A 
regular flux in the climatic conditions also affects the physiological as well as nutritional 
state of the host. The exact nature of this relationship, therefore, varies as the life cycle 
enfolds and progresses from host to host. The augmentation in the biochemical component 
during infection under study could be due to host's efforts to replenish those lost to the 
parasites and also due to the molecules being contributed by the parasite itself 
The Chapter -II deals with the biochemical profile of a number of larval stages of 
rumen infecting parasite Gastrofhylax crumenifer. 
To perform biochemical assays, like protein, glycogen, lipid, lipid fractions, RNA 
and DNA, a number of larval stages of G. crumenifer viz. fresh eggs, miracidia, cercariae 
and metacercariae were used for the present study. Protein profiles of different develop-
mental stages of G. crumenifer were determined by SDS-PAGE. The protein, lipid and 
glycogen of freshly laid eggs were obserx'ed to be utilized during the course of develop-
ment. Very little amount of lipid was detected in the fresh eggs which further decreased in 
the eggs containing mature miracidia (Em) but increased sharply in the cercarial and 
metacercarial stages indicating the substantia! build up of lipid reserves. Further, the 
nucleic acid contents were found to be in decreasing order from fresh eggs onwards to the 
subsequent developmental stages. The present data reveals that the biochemical changes 
in different developmental stages of G. crumenifer reflect the preponderance of anabolic 
and catabolic processes which indicate that the different biochemical fractions remain in 
a dynamic state. 
The gradual decline in the protein content of eggs during the miracidial development 
inthe present study suggests that protein may be involved in the cellular differentiation 
and organogenesis, energy production and other metabolic processes which are activated 
during the development. The decline in the level of proteins of developing embryo of G. 
crumenifer may be intrinsically programmed for the utilization of food reserves. 
The gradual decline in glycogen reser\'es during the development of G. crumenifer 
(zero day eggs to immature developmental stages) under present investigation, also 
indicates their utilization possibly as a source of energy for a number of cellular and 
metabolic processes. Marginal decrease in the energy reserves was observed during the 
later phase of miracidial development of G. crumenifer reflects a slow rate of 
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metabolism. 
The biochemical concentration of protein, glycogen and lipid contents was found to 
be higher in the cercariae as compared to the non-feeding metacercarial stage, during the 
present study. The higher level of these biochemical components in the cercariae of G. 
crumenifer, may be an adaptation of the parasite to build up the nutrients for the 
subsequent larval stage, metacercariae, in dormant until they find their way into 
definitive host. It is well known that the intramoUuscan larval stages show predilection 
towards the hepatopancreas which is nutritionally rich organ of the snail. During multipli-
cation and maturation process the increased feeding of larvae may help in food storage for 
the subsequent developmental stages. 
The present data revealed higher amount of RNA in all the developmental stages of 
G. crumenifer as compared to DNA indicating that DNA- dependent RNA synthesis may 
not be involved.lt is well known thai the level of RNA concentration constitutes a marker 
for overall metabolic activities in an organism. The elevation of RNA concentration in the 
larval stages of G. crumenifer during the present study suggests the possibility of 
activation of development regulatory genes as well as somatic growth and differentiation. 
Analysis of the protein profile of various developmental stages of G. crumenifer 
during the present investigation, revealed quantitative as well as qualitative variations. A 
total of 27, 15, 14, 15 14 and 34 protein bands in fresh eggs (zero day eggs), eggs contain-
ing mature miracidia (Em), cercariae, metacercariae, immature worm (2 mm size, 
obtained from rumen) and adult Gastrothylax crumenifer, respectively, were present. Apart 
from some fundamental similarities, proteins of 'conserved', 'stage specific' and 'variable' 
nature were also identified. The conserved polypeptides, like 18-20, 25-29 and 55-57 
kDa were present throughout the developmental stages. The stage specific polypeptides 
in fresh eggs (8 polypeptides-M^ 17-80 kDa), cercariae (1 polypeptide- M^ 17.5), 
immature (1 polypeptide- M^ 34 kDa) and adult G. crumenifer ( 9 polypeptides - M^ 35-90 
kDa) have also been observed. The polypeptides with an apparent molecular weight of 30, 
40 and 43 kDa were considered as 'variable' polypeptides because of their inconsistent 
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appearance in the developmental stages. 
Unfortunately, no previous report on the protein turnover during the course of 
development is available from any other amphistomes, therefore, the present work is just 
a beginning to open further avenues for research in this direction. However, in the present 
study, polypeptides of 23 and 58 kDa molecular weight were observed specific in the 
adult G. crumenifer, which was conspicuously absent in all the other developmental stages. 
The stage specific protein with a molecular weight of 23 and 58 kDa might be associated 
with appearance of some important adult structures, like the intestine and its contents. 
Thus, it can be concluded from the above discussions that the fluctuations in the biochemi-
cal components like protein, glycogen, lipid, lipid fractions, RNA and DNA as well as 
variations in the SDS-PAGE profile of developmental stages of the rumen amphistome G. 
crumenifer, may either be a characteristic of a particular developmental stage under study, 
or else may also be due to the influence of various physico-chemical factors of different 
micro-habitats. 
In Chapter-I l l , the amino acid suptake and micro-autoradiography in G. crumenifer 
and G. explanatum using "'C-glycine have been investigated. Transport kinetics and mode 
of transport have been determined for both the parasites. The possible involvement of 
y-glutamyl transpeptidase(Y-GTP) as a carrier molecule for the transport of amino acid 
across the tegument has also been determined in both the parasites. 
The results of kinetic studies revealed variations in the two parasites, under study. 
The time course study revealed that the uptake of 1.0 mM "'C-glycine was linear over the 
first 5 min of incubation in both the liver and rumen amphistomes. Thereafter the uptake 
follows a saturation kinetics. Marked differences were observed in the rate of ''*C-glycine 
uptake of G. crumenifer and G. explanatum. Maximum uptake of amino acid in G. 
crumenifer and G. explanatum was observed when the worms were incubated for 15 and 
10 min respectively. The uptake of '"^C-glycine at different concentrations ranging from 
0.2 to 2.0 mM, takes place via a mediated process along with the involvement of a diffu-
sion component in both the parasites. The liver infecting parasite, G. explanatum showed 
higher uptake velocity (V^^ ,^ ) for glycine as compared to the rumen infecting prasite G. 
crumenifer, indicating greater metabolic requirement of this amino acid. Higher K, value 
was recorded for G. explanatum as comapred to G. crumenifer. The uptake of labelled 
amino acid in the presence of an increasing concentration of its unlabelled homologue 
indicates the involvement of a carrier. The differences in the amino acid uptake in G. 
crumenifer and G. explanatum may possibly be due to the nutritioal requirement of the 
parasites inhabiting different micro-environments, or may possibly be due to osmotic and 
ionic differences in the micro-habitat. 
The absorbed glycine may undergo various metabolic processes to fulfil the require-
ment of the organism. It may provide energy in absence of a primary energy source. Glycine 
may be converted to pyruvate which finally enter into metabolic energy pathway. Another 
possibility could be its involvement in the synthesis of glutathione by y-glutamyl cycle or 
it may remain as an important component of the free amino acid pool from where it can be 
mobilised upon requirement. 
The micro-autoradiograph results revealed that the micro molecular nutrient (glycine) 
used in this study was absorbed via an extra-alimentary route. It seems that the primary 
route of amino acid uptake and incorporation is via the tegument as revealed by the 
pulse-chase technique employed in the present study. The silver grain distribution was 
more pronounced in the initial chase periods in the tegumental and sub-tegumental regions 
of both the amphistomes under study. However, no such activity was recorded in the gut of 
these parasites. The '"'C-labelled glycine was found to be differentially distributed in 
different regions of the amphistomes, particularly in the organs which are asssociated 
with protein metabolism, for example, vitellaria. The distribution of amino acid in the 
lymph system of amphistomes indicates the possibility that the lymph system may also 
maintain free amino acid pool where from, amino acids may be mobilized for various 
metabolic requirements of the parasite. 
In order to ascertain the functioal role of y-GTP in amphistomes, an experiment was 
designed in which the worms were pre-incubated in the presence and absence of'''C-glycine 
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and thereafter the y-GTP activity was determined. The results revealed that y-GTP 
activity was higher in G. crumenifer as compared to the control worms following incuba-
tion in presence of glycine. The possibility of higher enzyme activity of y-GTP in G. 
crumenifer as compared to G. explanatum, may be because of the predominant amino 
acid metabolism in rumen and aminogenesis is a predominant pathway in ruminants. 
Contrary to this, glycine transaminase was found maximum in the liver amphistome. This 
again can be explained on the basis of nature of the habitat, as liver is one of the main site 
where excess of amino acids are transported after the assimilation in the gastrointestinal 
tract of the host for various biosynthetic activities. The differences in the enzyme 
activities of y-GTP and glycine transaminase in the liver and rumen amphistomes suggest 
that in the rumen parasite, the mechanism of transmembranosis is more efficient while in 
the liver parasite the efficiency of transamination is predominant. From these findings it 
appears that the nature and efficiency of parasite metabolism is influenced by the physico-
chemical condition of the micro-habitat. 
The Chapter-IV and V are mainly concerned with the immunological studies using 
partially purified parasite antigens. In Chapter-IV, the somatic antigens of both G. 
crumenifer and G. explanatum have been resolved by SDS-PAGE followed by Western 
Blotting. The antibody titre of the purified fractions has also been checked by ELISA, 
using hyperimmune sera raised against somatic extract of the amphistome parasites, in 
laboratory reared rabbits. 
Purification of soluble proteins of G. crumenifer and G. explanatum was performed 
by gel filtration Column Chromatography using Sephadex G-200 matrix. The soluble 
proteins of G. crumenifer and G. explantum were separated into eight and nine major 
fractions respectively. In G. crumenifer, the fractions Fl and F7 appeared as very 
prominent and sharp peaks, the fraction F2-F4 appeared as distinct but short peaks while 
F5-F6 and F8 were observed as broad peaks. Among various fractions of G. explanatum, 
Fl and F2 were observed to be very distinct and sharp, the fractions F3-F6 and F8 were 
distinct but short while F7 and F9 were broad peaks. 
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The results of ELIS A revealed that in G. crumenifer out of eight purified fractions, 
only the first four fractions (F1-F4) were found to be of high antigenic potential. 
The antigens were detected upto a dilution of 1:12800 of the rabbit hyperimmune sera 
raised against the somatic extract. Depending upon the antibody titre, three categories of 
antigenic fractions were recognized in G. crumenifer and termed as 'highly antigenic' 
(F1-F4); 'moderately antigenic' (F6-F7) and 'low antigenic' (F5, F8) fractions. 
Results of the silver stained SDS-PAGE gels revealed that each of the eight fractions 
of G. crumenifer consisted of heterogenous population of polypeptides of varying 
molecular weights and electrophoretic mobility. The fraction Fl comprised of 16 protein 
bands, some of which were of high molecular weights. Fractions F2 and F3 consisted of 
24 and 19 polypeptides respectively, while the fractions F4, F5, F6, F7 and F8 each 
consisted of 14, 9, 9, 14 and 24 polypeptides respectively, mostly in low molecular weight 
range. 
Further, to find out the antigenic polypeptides of each of the fraction of G. crumenifer. 
Western blotting was performed, which detected very few antigenic polypeptides in the 
apparent molecular weight range of <14 kDa to 50 kDa. It was observed that the polypeptides 
of Mr. 15, 16, 18, 19 and 28 kDa were present in most of the purified fractions and 
appeared predominantly antigenic when deteced with hyperimmune sera raised against 
soamtic extract. Further studies are necessary to know whether these low molecular weight 
antigens are immunodominant under natural infection conditions. Since, G. crumenifer 
exhibits strict seasoanally regulated reproductive cycle, it is therefore necessary to find 
out whether the identified antigens during the present study, remain conserved during the 
non-reproductive phase of the parasite. Investigations are also required to work out the 
potential of these antigens for immunodiagnosis of amphistomiasis in the field. 
Unfortunately, there is no previous report on the antigenic profile of amphistome 
parasites, therefore, the present investigation is a preliminary attempt to analyse the 
antigenic polypeptides of this parasite. 
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Similarly, during the present investigation, another economially important amphistome 
parasite, Gigantocolyle explanatum was used for partial purification and characteriza-
tion of somatic antigens. A total of nine fractions were eluted following Sephadex G-200 
Column Chromatography (referred as FI, F2,F3, F4, F5, F6, F7, F8 and F9). Antibody 
titre of each fraction was tested by ELISA using hyperimmune rabbit sera raised against 
the somatic extract, which revealed that fraction Fl and F2 were higly antigenic, F3-F4 
and F6-F7 were moderately antigenic while F5, F8 and F9 fractions were poorly antigenic. 
Results of SDS-PAGE revealed that each of the nine fractions comprised of heterogenous 
population of polypeptides in the apparent molecular weight range of <29 to >205 kDa. 
The Western blot results indicated that all the polypeptides were not necessarily antigenic. 
It was observed that, the antigenic polypeptides of each fractions were mostly in the low 
molecular weight range (<14 to > 95 kDa). Further, the polypeptides of <14, 14, 18, 21-25 
and 34-36 kDa appeared to be predominantly present in all the fractions. 
It is evident that an insight of individual antigens, their abundance and immunogenicity 
are prerequisite to facilitate the preparation of specific antigens suitable for 
immunodiagnosis. The results, using hyperimmune sera from rabbits identified antigenic 
components in all the nine fractions but the number of antigenic polypeptides varied from 
fraction to fraction. The results revealed that most of the antigenic polypeptides were in 
the low molecular weight range, however, one component in the fraction F3 was having 
Mr. >90 kDa. During the present investigation, the antigenic polypeptides in the molcular 
weight range of <14 to 25 kDa reacted strongly with hyperimmune sera but at this juncture 
it is very difficult to assign any specific immunodiagnostic role for these polypeptides 
unless their potential importance is worked out using sera from naturally infected buffa-
loes. 
It is concluded that G. crumenifer and G. explanatum consist of a heterogenous 
popuplation of polypeptides, a number of which are antigenic. However, their potential 
importance for immunodiagnosis of amphistomiasis needs to be confirmed. Since, 
concurrent infections are also observed, therfore, cross-reactivity with other concurrent 
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infections, if any, must be checked before any final conclusion, and then only the 
immunodominant antigens of these species could be clearly identified, which may be of 
considerable specific immunodiagnostic potential. 
In Chapter-V, the excretory/secretory (ES) proteins obtained after the /// vitro 
incubations of G. crumenifer and G. explanatum were purified through Column Chroma-
tography and then chatactrized by ELISA, SDS-PAGE and Western blot analysis. Further, 
the coproantigens were characterized by ELISA, Countercurrent immunoelectrophoresis 
and immunodot blot techinques. 
In the present study, the ES products of two amphistomes, G. crumenifer from rumen 
and G. explanatum from liver were collected /« vitro and fractionated by gel filtration 
Column Chromatogrphy. The gel filtration indicated three farctions with two prominent 
peaks, fraction F2 being dispersed in both the parasites. 
The antibody titre against the idividual purified fractions F l , F2 and F3 of both 
rumen and liver parasites was analysed by ELISA using hyperimmune sera raised in rabbit 
against the ES products collected in vitro. The results of ELISA revealed that the Fl 
fraction in both the parasites and F2 fraction of G. explanatum offer a better sensitivity 
for detecting the IgG titre in the present study. These antigens detected the IgG titre upto a 
dilution of 1:12800 of the hyperimmune sera. However, the other fractions, F2 in G. 
crumenifer and F3 in both the parasites seem to be weak antigens or the number of the 
antigenic polypeptides in these fractions are low, as a result, few antigenic determinants 
are present to bind with the IgG. This may be the reason that these antigens were detected 
only at a dilution of 1:50 of the hyperimmune sera. 
Further, to find out the antigenic polypeptides in the individual ES fractions of the 
parasites under study, the fractions (F1-F3) were subjected to SDS-PAGE and Western 
blotting. The western blot results revealed that among the several polypeptides present in 
each ES fractions of the two parasites, comparatively few were antigenic. In the ES 
fraction of G. crumenifer, a 33 kDa polypeptide appeared to be immunodominant which 
was observed in all the three fractions of this parasite. Since, during the present study 
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hyperimmunized rabbit sera have been used, therefore at this stage it is not possible to 
predict any thing about the sensitivity and specificity of these antigens for the detection of 
natural infections in buffalo. On the other hand, Westernblot of ES fractions of G. 
crumenifer revealed, 7, 4 and 6 antigenic polypeptides. In this case a 25 IcDa polypeptide 
appeared predominantly in Fl and F3 fractions. On comparing the data of western blot of 
G. crumenifer and G. explanaium it can be concluded that the antigenic polypeptides of 
G. explanatum are in the low molecular weight range. Before attributing any immunologi-
cal significance to the antigens, they must be tested with the naturally infected buffalo sera 
in order to find out their immunodiagnostic potential in the field. Further studies are 
required to ascertain the persistence of the specific diagnostic candidate antigens during 
the different phase of life, particularly in rumen amphistomes which exhibit strict season-
ally modulated reproductive cycle. 
During the present investigation, coproantigens of G. crumenifer and G. explanatum 
have been detected in naturally infected buffaloes to carryout an assessment of the 
efficacy of coproantigen based diagnosis for amphistomiasis. The existing difficulties with 
the microscopical diagnosis of these parasites due to the seasonal egg production (i.e. the 
absence of eggs during the premansoon in G. crumenifer) and the deadly immature 
paramphistomiasis where the young worms do not produce eggs. Hence, alternative 
methods need to be employed, particularly during the non-reproductive phase. 
In the present study, the applicability of coproantigen detection in the faeces of buf-
faloes infected with amphistomes, have been worked out. The techniques are based on 
hyperimmune sera raised in rabbits against the ES antigens of Gastrothylax crumenifer 
and Gigantocotyle explanatum. As many as 75% faecal samples of buffaloes indicated 
infection with these two parasites. But there is variation in the intensity of infections 
among the various buffaloes as revealed by the coproantigen analysis by ELISA. The 
results of ELISA was further confirmed by immunodot blot analysis which detected the 
coproantigens of G. crumenifer in 80% of the buffalo faecal samples. A total of 65% of 
these animals tested positive for coproantigens of G. explanatum in the faecal supernatant. 
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Further, it was observed that only those faecal supernatants which gave a very high 
absorbance value in ELISA or intense reaction in immunodot, reacted positively in the 
CCIEP test also.The negative samples in ELISA and immunodot did not react in CCIEP 
also, thereby confirming the previous results. In addition, CCIEP revealed two and one 
precipitin arc in G. crumenifer and G. explanatum respectively, indicating a clear antigenic 
difference in the coproantigens of the two parasites. 
Thus, the present findings indicate that it is possible to diagnose amphistomiasis of 
buffaloes using coproantigen detection by ELISA or immunodot tests. 
It is concluded that this preliminary study may be helpful for the diagnosis of 
amphistomiasis, the coproantigen detection being a good alternative over conventional 
microscopical examination of the stool. Since, no previous reports are available on the 
coproantigen detection of amphistomes of buffalo, therefore, the present study opens the 
avenues for further research in this direction. More studies should be carried out using 
larger samples of field buffaloes so that the specificity of these tests can be confirmed. 
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INTRODUCTION 
INTRODUCTION 
India is basically an agricultural country, where livestock constitute an important 
component of animal wealth. The importance of buffaloes and cattle cannot be overlooked 
because they provide meat, milk and other dairy products which are enriched sources of 
proteins in diet. Among the developing countries, India has a high incidence of malnutri-
tion which restricts the nutritional requirements as well as slows the working efficiency 
of Indian people. Apart from fulfilling nutritional requirements, the attimal wealth con-
tributes substantially to the welfare and economy of rural masses. According to an FAO 
report (1985) the total output of milk and meat of the whole world was 32 and 1 million 
tonnes respectively, while India alone produced 21.3 and 0.13 million tons of milk 
and meat. Besides providing a variety of commercially and economically important 
products, livestock generates 32 % of total energy requirements for the rural economy 
(Odend'hal, 1972). They share 8-42% in the total output of crop cultivation. Considering 
the vital role of cattle in our economy and their contribution to national income, the 
government has paid attention to the development of livestock in general and buffaloes 
in particular. Now, there is a rich genetic diversity available in India for all the 
species of livestock. We now have 26 breeds of cattle, 7 breeds of buffaloes, 20 
breeds of goats and nearly 48 breeds of poultry, contributing to our gross domestic 
product (GDP) and are national income. According to 1987 census, India had about 195.87 
million cattle, 67.77 million buffaloes, 44.84 million sheep, 99.41 million goats, 10.76 
milHon pigs and 2.9 million pack-animals. The gross value of output from livestock 
sector alone was about Rs. 588/- billion in 1992-93 (Annon, 1994) which constituted 
about 26% of the total value of agricultural output. Recently, Pandey (1999) reported 
that India is second only to USA in the production of milk with a capacity of produc-
ing 66 million tonnes of milk while the gross national income from animals is estimated 
to be Rs. 18 X 10^ millions per annum . It has been observe^ that the annual export of 
livestock sector increased from $14.09 million in 1974 to 125.01 million in 1992-94. 
Moreover, the exports of live animals, meat, meat preparations and dairy products also 
registered a remarkable increase during this period (Kumar and Singh, 1999). Further, the 
authors (loc.cit) reported that the meat and meat preparations constituted about 88% of the 
exports earnings from livestock sector, followed by earnings from exports of live animal (5.22%), 
hides and skins (3.12%), dairy products and eggs (2.37%) and animal fats (1.2%). India was a 
net importer in livestock products till 1988 but this scenario changed drastically during the 
early nineties as its exports exceeded total imports significantly. The exports of leather goods 
are also consistently increasing (CMIE, 1998) and the earnings thereof can pay for the imports 
of new hides and skins. 
In tropical and sub-tropical countries, the importance of buffalo for food, energy, 
leather and agriculture is well recognized. Buffalo husbandry and management substantially 
contribute to the national economy in India. But, despite its importance, very little 
attention has been paid to improve buffalo health, although in many Asian countries 
national development programmes have been initiated to develop genetically improved 
and highly productive buffalo breeds. Increased production can only be achieved if 
proper buffalo health management programmes including the control of parasitic 
diseases, are planned and effectively implemented (Nizami, e/«/. 1991). 
Despite their economic importance in national economy, the contribution made 
by the animal wealth is not very satisfactory. Poor animal health is one of the reasons 
assigned to their meagre output. A bewildering array of infectious agents of 
diverse shape, size and composition, attack the animals with effectiveness and 
ingenuity resulting in the frail and debilitating condition of the animal. This leads to 
heavy morbidity and mortality of livestock during epidemic out-breaks of various infec-
tions. Parasites, thus reap an untold harvest of damage of our livestock as well as reduce 
the food resources available for many millions of inhabitants of India. 
Amphistomiasis is one of the most common diseases of buffalo in tropical countries. 
In some localities the prevalence of infection with amphistomes is 80 to 90% and the level of 
infection in individual hosts can reach tens of thousands of flukes (Ambu, 1978). The 
various amphistome parasites of domestic ruminants have been examined in India by 
many workers (Thapar, 1956, Verma, 1957, Mukherjee & Chauhan, 1965, Gupta & Nakahasi, 
1977, Sey, 1979, Tandon & Sharma, 1981 etc.). 
Among the helminthic infections, paramphistomes constitute one of the most common and 
abundant group of digenetic trematodes of domestic livestock. The paramphistomes are 
digenetic trematodes which are distinguished from other forms by the possession of a 
posteriorly located acetabulum, responsible for causing the disease "paramphistomiasis" 
in tropical and sub-tropical regions. Infections by adult amphistomes may be commonly 
found in sheep, goats, cattle and water buffalo in India as well as in other tropical 
countries. The disease "Paramphistomiasis" is caused by a massive infection in the small 
intestine with immature paramphistomes; this disease is charaterized by acute gastroen-
teritis with high morbidity and mortality rates, particularly in young stocks. Adult 
amphistomes of the rumen (Figure 1) generally render a low pathogenicity causing 
acute catarrhal and haemorrhagic inflammation in the abomasum, duodenum and jejnum 
with associated anaemia, hypoproteinaemia while liver amphistomes (Figure 1), produce 
haemorrhage, pronounced periductal fibrosis (Figure 2 ) and other hyperplastic changes 
(Kulasiri & Seneveratne, 1956, Arora & Kalka el al. 1971, Jha et al. 1977). On the other 
hand, during migration, in the intestine immature amphistomes cause severe pathological 
disorders including acute catarrhal and haemorrhagic inflammation associated with anae-
mia, hypoproteinaemia and oedema (see review by Horak, 1971), often leading to general 
debility, enteritis, development of foetid diarrhoea and death (Baki & Hossain, 1990). 
The symptoms of the disease include general weakness, increasing anorexia and 
polydypsia. Pande (1935) recorded 30 to 40 % mortality amongst the cattle in Assam 
due to immature Paramphistomum spp. The paramphistomes associated witt 
epidemics in Uttar Pradesh, in order of frequency, were Gastrothylax crumenifer, 
Cotylophoron cotylophorum, Paramphistomum cervi, Fischoederius elongatus anc 
Figure 1: Whole mount preparation of a: Gastroihylax crumenifer, h: Gigantocotyle 
explanatum stained with alcoholic borax carmine (scale bar 2 mm), 
ph: pharynx, U: uterus, G: Gut, VP: ventral pouch, Te: testes, Ov: ovary, 
AC: acetabulum. 
1 A 
-Ov 
Figure 2: Tnfected iiver and rumen showing a: heavy infection of liver amphistome 
Gigantocotyle explanatum. Bile duct (arrows) enlarged and extensive 
liver damage can be seen, b: Heavy infection of Gastrothylax crumenifer in 
the anterior dorsal sac of the rumen of buffalo. The flukes often occur in 
clamps (arrow). Mucosa at the attachment site becomes depigmented. 

Paramphisiomum explanatum (Katiyar & Varshney, 1963). Data on outbreaks of 
amphistomiasis have been comprehensively reviewed by Dutt (1980). In Orissa, 
fatal paramphistomiasis caused by C. cotylophorum and G. crumenifer were 
recorded in buffalo calves (Panda & Misra, 1980). In Calcutta, 91% infection of 
Gigantocotyle explanatum in buffaloes and among rumen flukes, the immature 
amphistomiasis by 28 species of amphistome parasites like P. cervi, C. 
cotylophorum, Calicophoron calicophorum, G. crumenifer, F. elongatus, F. cobholdi 
have been reported by Sharma (1987) which cause inflammation in the duodenum 
and upper ileum. Like many other helminthic diseases of domestic animals, no 
estimations have been made on the economical impact of paramphistomiasis. 
Mukherjee & Chauhan (1965) commented that "paramphistomes undoubtedly 
constitute one of the most important groups of helminth parasites (in India) 
undermining the health of domesticated animals and causing considerable 
monetory loss to stock owners". Besides large visible losses through mortality of 
sick and malnourished young animals, there are undobtedly huge economic losses 
resulting from suboptimal productivity due to clinical and subclinical infections. In 
India, outbreaks of paramphistomiasis are frequently reported from ruminants (Figure 
3). A survey on epidemiology of paramphistomiasis from our laboratory revelaed 
varying intensity of prevalence of a large number of species. Survey of the 
buffalo population revealed that 92-94% of them were infected with 
paramphistomes, P. epiclitum being the most common species (88.34% incidence) 
infecting rumen. Among the bile duct parasites G. explanatum was the most wide 
spread amphistome infecting 37.66% of buffalo livers (Hanna etal. 1988). 
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The life histories of numerous paramphistome species have been reviewed by 
Yamaguti (1975). The life cycle of those parasites infecting ruminants is basically 
similar to that of Fasciola hepatica involving a sexual phase of reproduction in 
the definitive host (Figure 4). The adult parasite is found in the forestomach, bile 
ducts or intestine of the definitive host, depending on the particular species. Large, 
non-embryonated, operculate eggs, possessing a peculiar keratin type shell 
(Madhavi, 1966, Arfin & Nizami, 1986) are voided with the faeces and if they fall 
into water, develoment is completed in 7 to 10 days during warm weather. Upon 
hatching, the free-swimming ciliated miracidium locate and penetrate a suitable 
molluscan intermediate host within 8 to 10 hours. Numerous , and diverse snail 
species have been found to act as intermediate hosts for larval paramphistomes 
(Monnig, 1938, Soulsby, 1971) but in India, the commonly infected species are 
Indoplanorhis exustus, Gyraulus convexiusculus and Lymnea spp. (Firasat & 
Nizami, 1989). The miracidium transform into a small, short lived sporocyst in the 
foot, mantle or tissues lining the respiratory chamber. Numerous asexually produced 
rediae are liberated which migrate through the snail tissues to the digestive gland 
where they may give rise to subsequent generation of rediae and require a further 
period of maturation in digestive gland tissues before emerging from snail. 
Mature cercariae are large and often highly pigmented having distinct eye spots. 
They show photoreceptive and geonegative swimming response which bring 
them to water surface where they are quickly encysted on vegetation and shed 
their tails and ultimately form metacercarial cysts. When consumed by a 
suitable host, the metacercariae excyst in the duodenum, either penetrate the 
mucosa or some times the submucosa where they feed for several weeks on 
tggs pass 
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host tissues before migrating to their final site of development in the rumen, bile ducts, 
caecum or colon. 
In order to control any parasitic infection it is necessary to have a complete 
background of metabolism. The literature relating to biochemistry and physiology of 
trematodes have been reviewed by many workers (Smyth & Halton, 1983, von Brand, 
1973, 1979, Barrett, 1981, Smyth, 1996). 
Infected animals are rarely treated with anthelmintic for adult and immature 
paramphistomiasis. The removal of adult infections could be of prophylactic significance as 
it reduces the reservoir infection for intermediate hosts. Several anthelmintics have proved 
to be effective against immature stages in ruminants (Boray, 1986). However, as yet no 
treatment produces a consistently effective cure in cattle (Horak, 1971). The literature 
available on various aspects of amphistomisis is mostly confined to cattle, sheep, and 
goats and there is a scarcity of data concerning buffaloes. 
The devastating situation created by paramphistomiasis requires a control 
measure to save livestock. Before the formulation of any chemotherapeutic means it is 
important to understand the parasite biochemistry and physiology, host-parasite rela-
tionship, diversifications of biomolecules and adaptations found among diffrerent groups 
of parasitic helminths. Knowledge of these aspects will be useful to explore the various 
mysteries which can be exploited rationally to control the parasite problem. 
Although a tremendous amount of literature relating to the biochemistry and 
physiology of trematodes has been reviewed by many workers ( Goil, 1957, 
1958a,b; Yusufi & Siddiqi, 1976; Bahadur & Gupta, 1984; von Brand, 1979, Barrett, 
1981, Smyth & Halton, 1983; Awharitoma el al. 1988, Khan e/a/. 1990; Abidi & 
Nizami, 1995, Saifullah & Nizami, 1999) the branch of helminth physiology and 
biochemistry is still in its infancy. Understanding the physiology and biochemistry 
of a parasite in its original habitat is a difficult task. Amphistomes like 
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all other trematodes complete their life cycle in different environments and experience 
the challenges posed by different micro and macro habitats. In micro habitat a 
parasite has to struggle for their existence by adapting to various physico-chemical 
conditions, as a result, a regular sequence of metabolic switches occur during the life 
cycle of parasitic helminths. There are various metabolic adaptations which distinguish 
parasites from their free living counterparts and give them a unique character. For 
example, occurrence of anaerobic pathways for carbohydrate break down, presence of 
metabolic switches, metabolic shunts, reduction of catabolic and anabolic pathways 
showing biochemical economy and secretion of anti- ezymes etc. Apart from studying 
physiology, sound knowledge of parasite biochemistry is required for the develop-
ment of new drugs and effective vaccines. The biochemical peculiarities identified in 
the parasite and host can be conveniently exploited for the application of 
chemotherapeutic and immunolgic control measures. Thus parasitic idiosyncracies 
evoked the interest of investigators to unravel the mysteries of parasitic adaptations. 
The application of a single method for the control has some limitations and has its 
own problems. For this reason, an itegrated approach is being preferred. Before the 
implementation of an effective control programme it is mandatory to have the basic data 
about the ecological and epidemiological factors responsible for the prevalence and natu-
ral history of the diseases in particular geographical locality. In the case of 
amphistomiaisis, data on prevalence alone are not sufficient, because these parasites 
complete their life cycle in varied physico-chemical enviroments. The biology and be-
haviour of the intermediate and definitive hosts constitute an important and integrated 
part of the life cycles of parasites. 
A detailed study of the epidemiology and natural history of amphistomiasis, 
including topographical and agroclimatic conditions of the Aligarh region was 
undertaken and various aspects of the epidemiology and physiology of two buffalo 
amphistomes (G. crumenifer and G. explanatum) as model parasites were investigated 
(Dunn et al. 1986, Hanna et al. 1988, Firasat & Nizami, 1989, Khan et al. 1990, 
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Mattison et al. 1995 ). Recently, Abidi & Nizami (1995) reported that the amphistomes 
G. explanatum and G. crumenifer utilize leucine, alanine, proline and methionine 
during in vitro incubations and that the worms also incorporate the tritium labelled 
amino acids in various tissues as revealed by micro autoradiography using pulse-
chase labelling technique. A combination of diffusion and carrier mediated uptake, possi-
bly involving y-glutamyl transpeptidase v^ ras indicated. Further, it was observed that the 
differences in carrier-affinity (K )^ and maximum uptake velocity (V^^^) for amino acids 
was suggested to possess multiple transport molecules by these authors. Furthermore, 
a number of 2-oxoglutarate linked transaminases were reported to be present in the 
cytosolic and mitochondrial fractions of G. crumenifer and G. explanatum (Abidi & 
Nizami, 1995, SaifuUah & Nizami, 1999). The subcellular distribution of glutamate 
dehydrogenase (GLDH) and arginase in these amphistome parasites was also observed 
(Abidi & Nizami, 1995). 
Nizami et al. (1991) proposed a time based integrated control of amphistomes 
which comprised of two phases. Phase A and Phase B (Figure 5).The programme was 
based on a number of aspects such as: (1) Seasonal reproduction- involving egg shedding 
and morphometric analysis of the reproductive organs of liver and rumen amphistomes; 
(2) Snail population dynamics; a large snail population (during the rainy season) 
coincided with the egg production of amphistomes; (3) Cercarial emergence during the 
month of July to late November, a correlation with climatic changes, aestivation, breed-
ing, growth and mortality of snails, seasonal changes in the egg production of adult flukes 
and seasonal changes in the egg production of adult flukes and seasonal behaviour of 
buffaloes; (4)Encystment on aquatic vegetation; (5) Human activity and buffalo manage-
ment; (6) Prevalence of intestinal amphistomiasis, revealing peak infection (60-65%) 
during the month of November to March and absence of infection in the premonsoon months 
(Dunn, 1984); (7) Prevalence of rumenal amphistomiasis indicating 94% rumen infec-
tion with one or other species. The mean worm burden per host did not vary signifi-
cantly while seasonal variation in the size of amphistome spp. did occur. The presence of 
infection caused by immature and mature amphistomes suggest that the rumen amphistomes 
PHASE-B 
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Figure: 5 Proposed technical programme for the control of amphistome parasites. 
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survive for several years (Dunn et al. 1986) and seasonal biochemical variations 
revealed fluctuations in the biochemical turnover particularly in the rumen infecting 
parasite G. crumenifer. Minor fluctuations were found in the liver parasite E. 
explanatum The biochemical changes in G. crumenifer clearly revealed an associa-
tion with egg production cycle in the parasite (Khan et al. 1990). 
The aim of the present endeavour was to obtain basic informations pertaining to 
various aspects of parasite behaviour, snail pathophysiology, biochemical turnover dur-
ing the larval development, amino acid transport studies, immunological studies using 
somatic, ES and coproantigens of adult amphistome parasites infecting liver and 
rumen of buffalo. This integrated approach may be helpful in the development and 
design of a control programme of amphistomiasis as envisaged by Nizami et al. (1991). 
The present investigation involves a number of studies covering behavioural, 
pathophysiological, biochemical and immunological aspects, so that a wide spectrum of 
information can become available on the rumen amphistomes. The results of present 
work are distributed in five different chapters where Chapter I deals with the behavioural 
aspects of larval stages and pathophysiological studies on intermediate snail host Gyraulus 
convexiusculus due to larval infection of G. crumenifer. The behavioural studies include 
miracidial response to a number of chemicals impregnated in agar blocks, vegetation and col-
our preference by cercariae and metacercarial response to a number of cues for excystation. 
Pathophysiological studies include the effect of larval parasitism on the level of various 
biochemical components like protein, glycogen, lipid, lipid fractions, RNA, DNA and 
pathological marker enzymes; GOT, GPT as well as acid and alkaline phosphatases as 
these parameters are known to be influenced in diseased organs. The study deals with a 
comparative account in the level of their biochemical components of infected and normal 
hepatopancreas as well as head & foot tissues. Chapter II embodies the biochemical 
profile of larval stages of G. crumenifer. The s^udy is based on the estimation of 
biochemical components like protein, glycogen, lipid, lipid fractions and r^ i^ plpic acids in 
freshly collected eggs (0 day eggs), eggs containing mature miracidia, 9ercariae, 
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metacercariae and immature juvenile (2 mm size, obtained from rumen) stages of G. 
crumenifer. A comparison of the polypeptide profile of these developmental stages has 
also been made. The sodium dodecyl polyacrylamide gel electrophoresis (SDS-PAGE) 
of the polypeptides of fresh eggs, eggs containing mature miracidia, cercariae, 
metacercariae, immature juvenile stage (2mm size) and adult stages was also performed to 
analyse the resolved polypeptides which might be conserved, stage specific or variable 
in nature. In Chapter III, the amino acid uptake and micro autoradiography in G. crumenifer 
and G. explanatum using '"C-glycine has been investigated. Transport kinetics and mode 
of transport have been determined for both the parasites. The possible involvement of 
y-glutamyl transpeptidase as a carrier molecule for the transport of amino acid across 
the memebrane has also been determined in both the parasites. Chapters IV and 
V are mainly concerned with immunological studies using partially purified para-
site antigens. In chapter IV the somatic antigens of both G. crumenifer and G. explanatum 
have been resolved by SDS-PAGE followed by Western blotting. The antibody titre 
of these purified fractions has also been checked by enzyme linked immunosorbent assay 
(ELISA), using hyperimmune sera raised against somatic extract of the amphistome 
parasites under investigation . In Chapter V, the excretory/secretory (ES) proteins ob-
tained after the in vitro incubations of G. crumenifer and G. explanatum were purified 
through column chromatography and then characterized by SDS-PAGE, Western blot and 
ELISA analysis. Further, the coproantigens were characterized by ELISA, counter cur-
rent immunoelectrophoresis and immunodot blot techniques as per the standardized meth-
ods outlined in respective sections. 
The present studies will certainly contribute to a better understanding of amphistome 
problem and it could be useful for the development of control measures. 
HISTORICAL REVIEW 
16 
HISTORICAL REVIEW 
Behavioural Studies: 
Despite the limited knowledge of parasite behaviour, sufficient information exists on both 
the stimuli and the responses of parasites for the formation of reasonable hypotheses on the 
types of information processing systems being used by parasites. 
The science of "Behavioural Parasitology " dates back to year 1883, in which Thomas 
(1883) and later on Leuckart (1894) reported first experimental analysis of host finding 
behaviour based on chemoresponses of Fasciola hepatica miracidia to lymnaeid snails. These 
authors postulated that F. hepatica miracidia respond to some component present in the mucus 
of their host, Lymnea luteola. Similar observations were made by Leiper and Atkinson (1915) 
and Faust (1924) for Schistosoma japonicum and by Barlow (1925) for Fasciolopsis buski. 
Other authors who favoured chemical attraction as part of the host selection mechanism are 
Neuhaus (1941, 1952, 1953), Kloetzel (1958, 1960), Wright (1959 a), Campbell (1961) and 
Kawashima et al. (1961). The "extracts of whole ground host snail" has been reported to 
stimulate the miracidia of S. mansoni (Davenport et al., 1962) as well as Fascioloides magna 
(Campbell & Todd ,1955 a; Campbell, 1961). The miracidia of F. hepatica (Takahashi, 1927) 
and F. buski (Ishii, 1934) showed larger swarming to the original snail host than the other snails 
placed in the same bottle. Contrary to this, for the miracidia of Paragonimus ohiari which 
swarmed to the snails, there was no remarkable difference between the original snail host and 
other snails, although the experiment was not carried out in the same bottle (Kawashima et al., 
1961). Further, it was observed that the miracidia of P. ohiari showed positive response to 
every snail which had no relations with the suitability of snails. It was therefore, thought that 
these miracidia would invade the snails if they get an ecological chance to do so. From these 
studies on the host preference by the miracidia of P. ohiari, it was suggested that the process 
of host preference is ecologically limited even though the host suitability of them has to be 
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studied from other point of view (Kawashima et al., 1961). It was also observed that the 
miracidia of P. ohiah showed the positive responses not only to living Assimineajaponica but 
also to its homogenates and amino acid mixtures (Kawashima et al. 1961). In their studies 
Etges and Decker (1963) reported that more S. mansoni miracidia accumulated in the presence 
of crushed or whole Australorbis glabratus than in the presence of 'sham' snails in a choice 
chamber. Some investigators concluded that chemical attraction of miracidia to the snail does 
not occur. Mattes (1936), Stunkard (1943) and Abdel-Malek (1950) concluded that contact 
between snails and miracidia occur by chance. Barbosa (1960), Sudds (1960) and Chernin & 
Dunavan (1962) also concluded that miracidia were not attracted to the normal snails by a 
specific chemotactic stimulus but contact was a chance phenomenon involving abnormal hosts 
as well. Moreover, in some cases, the miracidia have been shown to penetrate and begin 
development in abnormal hosts (Newton, 1952; Brooks, 1953). Neuhaus (1952) and Wagner 
(1959) reported that fatty acids stimulate schistosome cercariae to penetrate avian and 
mammalian hosts. The experiments with snails treated with solvents and later on placed in 
chemicals demonstrated that butyric acid and glutamic acid can serve as attractants to the snail 
(Maclnnis, 1965). Components such as short-chain fatty acids, sialic acid, ammonia, hydrogen 
ions, glutathione and D-glucose were also reported to attract the miracidia (Maclnnis, 1965, 
Mason & Fripp, 1977; Disko & Weber, 1979; Plorin & Gilbertson, 1985). Wright (1959 a) 
suggested that two chemicals may be involved, one for attraction and one for stimulation to 
penetrate the snail host which was contradicted by Maclnnis (1965) with evidence that a single 
substance can serve as both an attractant to attachment and to penetration attempts. Further, 
he (loc.cit) correlated with the fact that the substances which attract miracidia of S. mansoni 
are found in many organisms which is an evidence for existence of 'non-specific' attractants. 
The preference of miracidia for some snails over the others may be explained simply by the 
presence or abscence of the attractant, or by the differences in concentrations in the various 
hosts. Miracidia of different species may also show quantitative differences in responses to the 
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same chemicals as shown by the experiments with S. douthitti, F. hepatica and S. mansoni 
(Maclnnis, 1965). Finding of snail intermediate host by the miracidia of human blood fluke S. 
mansoni has been extensively studied (review: Maclnnis, 1976; Saladin, 1979; Sukhdeo & 
Mettrick, 1987; Haas, 1988). Chernin (1970) introduced the concepts of snail conditioned 
water (SCW) which based on the mass reaction of miracidia to a 'point inocultion' of test 
material. This technique demonstrated the positive response of S. mansoni miracidia to 
substances released by Biomphalaria glabrata in snail conditioned water with a specific 
behaviour which results in the accumulation of parasites around the snail (Chernin, 1970, 
1972, Sponholtz & Short, 1975; Mason, 1977; Roberts e/^/. 1978, 1979, 1980; Samuelson, et 
al. 1984). Several studies have shown that snail-conditioned water (SCW) elicits miracidial 
chemoklinokinesis (Chernin, 1970; Mason, 1977; Roberts e? a/. 1979;Prechel&Nollen, 1979). 
Recently, a glycoconjugate with molecular weight of >30 kDa was identified as an attractive 
component of SCW for the miracidia of S. mansoni (Fuchs et al. 1990; Haas et al. 1990 a). 
Further investigation by Haberl&Haas, (1992) revealed a lysozyme sensitive glycoconjugate 
(Mr. > 300 KDa) which served as a stimulatory component of SCW. Macromolecular host 
signals play an important role in the penetration of fish skin by Acanthostomum brauni 
(Ostrowski de Nunez & Haas, 1991), in the orientation to the host of S. mansoni and S. 
japonicum miracidia (Haas et al. 1990 a, 1991) and in attachment and penetration of the fish 
host by the cercariae ofOpisthorchis viverini (Haas et al. 1990 b). Studies by Chernin (1970) 
revealed that B. glabrata and a variety of unrelated snails naturally emit some substances which 
alter the behaviour of miracidia ofS. mansoni and ceratin other trematodes in a distinct manner. 
In general the miracidial response appears to be non specific as to the source of the stimulant 
of the species of miracidium responding. However, it is not known whether the stimulants 
produced by various snails are chemically similar, nor is there any obvious explanation for the 
apparent absence of S. mansoni stimulant from oncomelanid snail-conditioned water. It 
appears that miracidial host specificity is not contingent on the penetration behavioural 
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changes elicited by emanations from specific host snails (Chernin, 1970). It was also reported 
that miracidia of 5". mattheei were equally "attracted" to water conditioned by a susceptible or 
an unsusceptible bulinid species (Kinotic, 1968). Many other studies have shown that miracidia 
alter their swimming behaviour near snails (Ulmer, 1972; Chernin, 1974) which presumably 
serves them to keep near prospective hosts and enhance the probability of contacts. Changes 
in miracidial behaviour are induced by snail-emitted substances generically termed 
"miraxones". The term "miraxone" for "miracidial stimulant" was introduced by Chernin 
(1970). The author proposed that a naturally occuring substance capable of altering the 
behaviour of miracidia, be referred to as a "miraxone" [from Greek meriax, whose singular 
forms the root of meirakidion, a youth, whence miracidium; plus {home) one, excite or 
stimulate]. The stimulant or miraxones that elicit this response are both organic and inorganic 
(Saldin, 1979). Among the inorganic miraxones are low Ca^ /^Mg^^ ratio (Sponholtz & Short, 
1976), Mg"^"^  (Stibbs et al. 1976), ammonia (Mason & Fripp, 1977) and hydrogen ion (Brown, 
1976). Organic miraxones include cert9in amino acids (Maclnnis, 1965; Wright & Ronald, 
1972;MacInnis^/a/., 1974; Maclnnis, 1976; Prechele/a/., 1976), fatty acids (Maclnnis, 1965; 
Wilson & Dennison, 1970; Bennett et al. 1972; Mason & Fripp, 1977). Etges et al. (1975) 
reported the accumulation of 5'. mansoni miracidia around a source of 5-hydroxy tryptamine 
(5-HT). Stimulation by 5-HT and other neurotransmitters as well as by ACh antagonists ha 
also been observed (Roberts et al., 1978). Further, it was reported that more than 60 different 
organic compounds, most of them small carboxylic acids, elicit miracidial klinokinesis 
indistinguishable from the responses to the host itself About half of these have been identified 
from snail haemolymph, head-foot tissues, mucus, faeces, or SCW (Saladin, 1979). The 
presence of a wide range of potential stimulant molecules in the mucus of Lymnaea truncatula 
has been described (Wilson, 1968). The stimulant molecules are organic acids and it can be 
inferred that the larger the hydrocarbon chain, the greater will be the response elicited 
(Wilson & Dennison, 1970). Short chain fatty acids and amino acids are water soluble and 
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probably pass into solution from the surface mucus of the snail and the stimulation of turning 
might be expected as a short distance away from the snail (Wilson & Dennison, 1970). It is 
therefore, suggested that the miracidial response to fatty acid is mediated by a specific sensory 
mechanism which should be identified by electrophysiological investigation (Wilson, 1968). 
Keshavarz-Valian et al. (1981) investigated the chemosensitivity of Philopthalmus gralli 
miracidia to various chemicals by the methods of contact and return (CR) to agar blocks 
containing the test chemicals and to point inoculation in phi-chambers (developed by Roberts 
et a/.,1978). Of all the amino acids tried with P. gralli, the most stimulatory were aspartic and 
glutamic acids at both 1 and 10 mM concentrations (Keshavarz-Valian et al. 1981). Major 
differences between the chemosensitivity of P. megalurus and P. gralli miracidia were 
observed. A significant positive response of P. megalurus miracidia to 10 mM concentration 
of glutamic acid has also been reported by Nollen (1990). The author further observed that P. 
megalurus and P. gralli miracidia not only respond to physical cues differently but also vary 
in their reactions to chemicals. The most effective P. gralli miracidial stimulants as determined 
by contact return (CR) were the negatively charged, polar amino acids, glutamic and aspartic 
acids and sialic acids (N-acetyl-neuraminic acid). The SCW when used as the solvent for agar 
or diluted 1:1 with distilled water gave results comparable to glutamic, aspartic and sialic acids 
(Keshavarz-Valian etal. 1981).Other studies have shown both S. manosoni andM temperatus 
to be highly responsive to glutamic, aspartic and sialic acids in CR trials (Maclnnis, 1965; 
Prechel et a/., 1976). Species differences have also been found for responses to gravity and 
light by miracidia of schistosomes. Chernin & Dunavan (1962) found that S. mansoni miracidia 
were negatively geotactic and positively phototactic whereas Schiff (1974) reported that 
miracidia ofS. mansoni are photonegative and geopositive. 
Behavioural changes in parasites can be divided into two categories; (1) in free living 
stages and (2) in the parasitic stages, the biological imperative of which is to find and infect the 
next host. The behavioural activities may increase the success rate in free living stages while 
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in the parasitic stages, the priorities lie in site finding, site maintenance and performing 
functions related to growth and reproduction. It would be incorrect to suggest that all parasitic 
behaviours fit into either a taxis or a kinesis, since behaviour may also be related to any of 
several functions where movement from one place to another is not required, e.g. feeding 
(Sukhdeo & Mettrick, 1987). There are several stimuli referred to as "cues" to which parasites 
may respond. In parasite behaviour the criteria used to define cues are as follows: (1) cues are 
normal host metabolites or other environmental factors with which the infective stage of the 
parasite comes into contact during its life cycle; (2) cues must affect a measurable behavioural 
change in the parasite; (3) the recognition of the cues by the parasite must be mediated through 
sensory receptors. A corollary of this is that the reception is highly specific. This parameter is 
often very difficult to establish (Sukhdeo & Mettrick, 1987). In earlier studies, Wright (1959) 
separated host finding by trematode miracidia into three sequential steps: (1) host habitat 
selection - the newly emerged miracidia make their way to the environment of their specific 
snail hosts; (2) a period of random movement in the host habitat; and (3) host finding 
- the miracidia orient towards the host using tactic or kinetic mechanisms. This sequence of 
miracidial host finding behaviour is widely accepted (Saladin, 1979; Chistensen, 1980). 
Freshly hatched miracidia of F. magna do not have fully developed sensitivity to the stimulus 
provided by the snail host (Campbell & Todd, 1955), and it appears that the miracidia can not 
sense the snail attractants until they mature (Saladin, 1979). Negligence of the age factor of 
miracidia may be one of the reasons for the divergent opinions of many of the early workers 
concerning miracidial host finding behaviour (Ulmer, 1972). For chemoresponses, helminths 
use a system that is similar to that of bacteria; information flow moves from receptor to 
integrating and transmitting centre to effector organs, and differs only in the complexity 
of the systems. In helminths, the components of this system are contained within well 
defined nervous systems. Small organisms, can respond to specific stimuli by moving 
towards (positive) or away from (negative) the stimulus. These orientation responses have 
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been further divided into directed (taxis) or undirected (kinesis) movements (Frankel & Gunn, 
1961). The defintions of various terms commonly used in such studies are as follows: 
Kineses: Undirected locomotory reactions in which the speed of movement or the frequency 
of turning depends on the intensity of stimulation. 
Taxes: A directed orientation reaction in which the movement is straight towards or away 
from the source of stimulation. 
Chemo-ortho-kinesis: Increased linear velocity in response to a chemical stimulus. 
Chemo-klino-kinesis: Change in the rate of random turning or angular velocity in response to 
a chemical stimulus. 
Chemo-klino-taxis: Movement directly to the stimulus, or locomotion along the line to the 
stimulus, modified by regular symmetrical derivations; only one receptor is needed. 
Chemo-tropo-taxis: Locomotion straight towards or away from the source of chemical 
stimulus; the result of simultaneous comparison by two receptors. 
Maclnnis (1965) described taxes and kineses in the behavioural repertoire of the 
miracidia based on the observation of five thousand, miracidia. He identified orthokinetic, 
klinokinetic, tropotactic and klinotactic responses by miracidia. He further classified miracidial 
responses to stimulation into one of the two broad categories, contact with return (CR) as a 
positive response and contact without return as a negative or indifferent response. A 
miracidium is informed of the snail host's proximity by chemical cues. Saladin (1979) concluded 
that in published trials of 176 miracidium-snail combinations, 28 combination of miracidia with 
other targets involving 30 trematode species, 75% of the reports indicated responsiveness of 
the miracidia to their hosts. 
A breakthrough in the study of miracidial behaviour came from the development of 
photographic technique by Wilson & Dennison, (1970) (developed from methods used to 
measure swimming by Paramecium spp), which revealed that the normal tracks of the 
unstimulated miracidia of F. hepalica were practically linear, showing a tendency to regular 
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undulations.The frequency of undulations was approximately 2 / second, with a wave length of 
0.6 mm, an amplitude of 0.08 mm and a linear speed of 1.3 -1.4 mm/second. The unstimulated 
miracidia of 5. mansoni showed behaviour with a length of 0.8 mm, amplitude of 0.02 mm and 
a linear speed of 2.10 mm/ second (Plorin & Gilbertson, 1981). In the preference of attractants 
there is a significant increase in the rate of turning (+660%) by the miracidia of F. hepatica 
which was interpreted as klinokinesis (Wilson & Dennison, 1970). Theklinokinetic mechanisms 
of miracidial responses to various snail attractants have also been implicated in several species 
of trematodes including M temperatus (Prechel &Nollen, 1979), S. haematobium (Schiff & 
Kriel, 1970), S. mattheei (Kinotic, 1968), S. douthitti (Wright & Ronald, 1972) and P. gralli 
(Keshavarz-Valian e/a/. 1981). The rate of turning of miracidia ofS. wans^ ow? also increases 
after stimulation (+100%) but the response returns to normal after 30-40 minutes, suggesting 
"klinokinensis with adaptation" as the mechanism of orientation (Mason & Fripp, 1976). They 
also reported an increase in the speed of locomotion (orthokinesis) upon contact with the 
attractant; this was not substantial in other studies (Roberts et ah, 1979; Samuelson et al. 
1984). These authors also reported that the rate of turning was concentration dependent 
(Mason & Fripp, 1976, 1977) while others reported that the rate of turning in response to 
uniform concentrations of stimulant was unaltered (Roberts et al. 1979; Plorin & Gilbertson, 
1985). In summary, it appears that the miracidial responses to snail attractants involve kinetic 
orientations. Although most investigators now agree that the response is a klinokinesis, there 
is still some controversy on the mechanics of the response; this may be related to the 
experimental designs used by different investigators (Sukhdeo & Mettrick, 1987). Although 
numerous in vitro studies have shown that chemical communication occurs in adult 
hermaphroditic digeneans and in dioecious forms, (i.e. the shistosomes) similar studies on 
the rediae are not available (Fried, 1986; Haseeb & Fried, 1988). In vitro studies on direct and 
indirect antagonisms with schistosome sporocysts and echinostome rediae suggest that 
chemical communication occurs in intramolluscan stages (Lim & Heyneman, 1984). 
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Recently, intraspecific and interspecific chemical attraction in daughter rediae of Echinostoma 
trivolvis and E. caproni were observed by Reddy and Fried (1996). They reported that 
intraspecific and interspecific pairing or aggregation occurred in the bioassay using 
excretory/secretory (ES) products. It was observed that lipophilic fi-actions of ES products 
was significantly more attractive than the hydrophilic fi-action. However, the authors could not 
assign any significance of redial chemical communication. The lipophilic fraction of ES 
products are also attractive to adult digeneans which suggest that lipophilic ES products are 
either chemoattractants or serve as carriers of chemoattractants (Fried, 1986; Haseeb & 
Fried, 1988). 
Photoresponse and georesponse of miracidia and cercariae have also been determined 
(Kennedy, 1979) by using vertical glass tubes and arm-test chambers. The miracidia and 
cercariae revealed a phototactic response even to lowest light intensity, a positive 
georesponse for miracidia was recorded while the cercariae did not give any conclusive 
georesponse when tested (Kennedy, 1979). Response of these larval stages to different wave 
lengths was also observed. Cercariae showed a single response peak at 550 nm while 
miracidia showed two peaks, at 550 nm and 650 nm. Miracidia of S. douthitti were attracted 
to wave length of 550 nm, in the blue-green range (Wright, 1971), while the miracidia of S. 
mansoni responded to two wave lengths of 525 (green colour) and 650 nm (red colour) 
(Wright, 1974 b). The miracidia of Bunodera mediovitellaia also respond most strongly to 550 
and 650 nm but are photonegative (Kennedy, 1979). Miracidia that exhibit two peak responses 
typically have eye spots, while those with a single peak response do not. Light reactions for 
these organisms have maximum sensitivity between 470 nm (light blue) and 530 nm and the 
sensitivity falls off more rapidly towards the longer wave lengths than towards the shorter 
ones (Steven, 1963). The wave lengths which penetrate deepest into fresh water are 475 and 
500 nm (Mills, 1972) but this depends on such factors as dissolved and suspended matter 
which may lead to a shift of maximum transmittance towards 550 nm (Jerlov, 1971). Several 
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authors have correJated the responses of miracidia to light with the behaviour of the 
corresponding snail host (Yasuraoka, 1954; Takahashi^/a/. 196l;Isserof& Cable, 1968). The 
response of cercariae to physical stimuli has been described for several species, most of which 
seek out a host that lives on or near the surface of body water (see Cable, 1972; Ulmer, 1972; 
Cheng, 1967 and Smyth, 1966). There is a remarkable corresponding to the host recognition 
of the cercariae of Acanthostomum hrauni, where a macromolecular, sialic acid containing 
glycoprotein stimulates the attachment response to the fish host (Haas & Ostrowski de Nunez, 
1988). Macromolecular host signals are also involoved in the attachment and penetration of the 
fish host by the cercariae of Opisthorchis viverini (Haas et al. 1990 b). In another study by 
Fusco et al. (1986) S. mansoni cercariae were stimulated to penetrate over a wide range of 
linoleate concentrations; however, the transformation process occurred over a narrow range. 
Approximately 25% of cercariae penetrated the agar matrix in controls and 0.003 mM linoleate. 
Penetration rates rose gradually until this approached 100% at a linoleate concentration of 0.3 
mM or greater. The transformation process did not begin until the linoleate concentration in 
agar reached 2.0 mM (3.8%) and achieved maximum (91%) at 3.0 mM. A concentration of 9.0 
mM linoleate gave 100% penetration and transformation rates but penetration was superficial 
and cercariae were not viable. Fried & Roberts (1972) provided evidence of chemical attraction 
in digeneans when they showed that free metacercariae and young adults of 
Leucochloridiomorpha constaniiae were attracted to each other in vitro (NoUen, 1983, Fried, 
1986). Fried and Shapiro (1975) showed that L. constantiae metacercariae released lipids 
into the medium, the free sterol fraction was the major neutral lipid egested by this organism. 
Some other workers also observed that the chloroform-methanol extracts of ES products of I . 
constantiae metacercariae contained free sterols which attracted worms significantly/« 
v/7ro (Fried & Gioscia, 1976), which was confirmed by Berger& Fried (1982) that free sterol 
was the major ES lipophilic product of L. costantiae. Other studies revealed that metacercariae 
ofAmblosoma suwaense were attracted to sterol ester but not to the free sterol fraction (Fried 
& Robinson, 1981; Berger & Fried, 1982). 
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Chemical signalling has also been reported in adult digeneans. The observations of 
Sogandares-Bernal (1966) on wandering pre-adults of Paragonimus kellicotti first suggested 
chemotactic factors in worm attraction of hermaphroditic digeneans. Chemical communication 
between male and female schistosomes was demonstrated in vitro by Imperia et al. (1980), 
also see Eveland & Haseeb (1986) and Haseeb & Eveland (1986). The bioassay for 
hermaphroditic digeneans has revealed attraction of a single worm to either a filter paper 
disk or a silica gel square containing worm homogenate or ES products (Fried & Gioscia, 1976; 
Fried & Robinson, 1981). In worm attraction studies, Sogandares-Bernal (1966) postulated 
that chemotactic factors are involved in both worm attraction and sexual maturation in 
Paragonimus kellicotti. Worms do not find each other by chance alone but factors other than 
'host mediatior)' are involved in worm chemoattraction. As far as chemical nature of helminth 
pheromones is concerned, the lipophilic factors are found to be involved in chemoattraction of 
trematddes (Childs et al., 1986; Eveland & Haseeb, 1986; Fried, 1986; Gloer et al., 1986; 
Haseeb & Eveland, 1986). Echinostoma revoluium adults were attracted to lipid but not to 
aqueous fraction of ES products. Among various lipid fractions, the worms were attracted only 
to the sterol fraction, where as the phospholipid fraction and other polar components acted 
as a chemorepellant (Fried et al., 1980). Pairing and aggregation of digeneans may have 
nutritive, social, developmental and reproductive advantages for digeneans (Fried, 1986), 
where lipids play an important role in chemical signalling of dioecious trematodes. Extracts 
of .S. mansoni males in organic solvents (presumably lipids) enhance growth and vitellogenesis 
of unisexual females maintained in vitro (Shaw et al. 1977). Lipids released from the tegument 
of male S. mansoni may be involved in heterosexual chemical attraction (Haseeb et al. 1984, 
1985). Scanning electron microscopy (SEM) and light level silver staining studies have 
shown that larval and adult digeneans have various types of sensory papillae and that 
uniciliate and multiciliate papillae probably play a role in chemoreception (Hoole & 
Mitchell, 1981; Fried & Fujino, 1984). 
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Excystation: 
Most of the studies on the activation of trematodes have been done on metacercariae. In 
the metacercariae, exystation may be either passive or active; passive excystment refers to the 
digestion of the cyst by host enzymes and the release of the metacercariae, while active 
excystment implies that the metacercariae respond to cues from their environment and actively 
break out of the cyst. It was generally assumed that trematode excystation was a passive 
process and that the active movements that were some times observed during excystment were 
not correlated with the process (Faust & Khaw, 1927; Hsu & Wang, 1938). It was also 
generally accepted and well demonstrated that the conditions that contributed to excystment 
were those encountered within the specific definitive host. Thus Clonorchis sinensis and 
Apatemon pellucidis required pretreatment in gastric juice before excystment occured in 
intestinal juice (Faust & Khaw, 1925, 1927; Hoffman, 1959). Cryptocotyle lingua, a parasite 
of fish-eating birds, showed optimal excystment in gull intestinal juice (Stunkard, 1930; 
McDaniel, 1966), species parasitic in birds, e.g. Parorchis acanthus and Posthodiplosiomum 
minimum excyst more rapidly at 42°C than 37°C (Fried, 1970; Fried & Roth, 1974) and the only 
excystation stimulus for Philopthalmus gralli is an increase in temperature with an optimum 
range of 39-45°C (Cheng & Thakur, 1967). The search for the absolute requirements for the 
excystment of several trematodes has been unsuccessful, although the relative conditions under 
which metacercariae activate are known (Lackie, 1975). The effects of t'^emperature, pH, 
pepsin, trypsin and bile when examined together and separately, contributed towards the 
excystment of C. lingua and it was concluded that none of these chemical or physical 
conditions was an absolute requirement since the absence of any one of them did not completely 
stop the excystment (McDaniel, 1966). The lack of absolute requirements for excystment has 
also been demonstrated in several other trematodes (Oshima et al. 1958; Ching, 1963 a, b; 
Erasmus and Bennett, 1965; McDaniel, 1966; Howells, 1970). Excystment process of F. 
hepaiica metacercariae was divided into two phases: first, a passive phase referred to as 
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activation, which is stimulated by the presence of CO ,^ reducing conditions and a temperature 
of 37°C; secondly, an active phase, emergence, stimulated by the presence of bile (Dixon, 1964, 
1966). During activation, the metacercariae rotate vigourously for a while before the quiscent 
phase (Dixon, 1966), during which the predominant activity appears to be the emptying of the 
caecal contents (Sukhdeo & Mettrick, 1986). The secretions of enzyme (s) by the metacercariae 
has previously been suggested as the means by which the larvae must digest the ventral plug 
(Dixon, 1965). It would appear, therefore, that an important function of the activation phase 
is the production of caecal secretions that are generated by an intrinsic behavioural pattern. The 
changes that these secretions effect on the inner cyst wall are a prerequisite for emergence 
(Sukhdeo & Mettrick, 1987). Emergence behaviour inF. hepatica is characterized by thrusting 
movements that are initiated by bile (Dixon, 1966). Bile or bile-plus-trypsin has been shown to 
initiate or enhance excystment in many species (Lackie, 1975). The metacercariae of 
Paragonimus westermani needs an optimal range of temperature, pH and osmotic pressure 
within which it excysts but the rate and percentage of excystation is enhanced in presence of 
bile salts (Oshima et ah, 1958). Sodium cholate (0.05%) activates the metacercariae of 
Echinoparyphium serratum but the worm does not break out of the cyst wall until it has been 
digested by the pepsin and trypsin (Howell, 1970). On the other hand the metacercariae of C 
sinensis, a liver fluke do not require bile to excyst and the excystment occurs in vivo in rabbits 
with ligatured bile ducts (Wykoff & Lepes, 1957). Nevertheless, bile has been shown to 
enhance excystation by increasing muscular activity in several trematodes, including Zygocotyle 
lunata (Fried et al., 1978), Himasthla quissetensis (Kirschner & Bacha, 1980), M. arenaria 
(Irwin, 1983) and Cloactrema michiganensis (Leflore & Bass, 1983). Bile salts that do not 
possess an aromatic structure identical to cholic acid (i.e. lithocholic, deoxycholic and 
chenodeoxycholic acids) were ineffective in stimulating emergence (Sukhdeo & Mettrick, 
1986). Glycine conjugated bile salts were more effective at stimulating emergence behaviour 
than taurine conjugated bile salts and optimum emergence occurred after treatment with cholic 
acid conjugated to glycine. 
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The control of all behavioural activities lies within the nervous system. The nervous 
system of the platyhelminths is poorly understood and some details of neuroanatomy and 
neurocytology are only now emerging. Studies on the reception of chemical stimuli in 
trematodes are sparse (Kemp & Devine, 1982). Scanning electron microscopy (SEM) and light-
level silver staining studies have shown that larval and adult digeneans have various types of 
sensory papillae and that uniciliate and multiciliate papillae probably play role in 
chemoreception (Hoole & Mitchell, 1981; Fried & Fujino, 1984). A significant study on the 
neurophysiology of flatworms has also been carried out by Keenan & Koopowitz (1982). 
Histological and morphological studies show that the miracidia is well supplied with a battery 
of mechano receptors, chemoreceptors, photorecepors and gravity receptors connected to a 
neural network that includes a 'brain' (Wilson, 1970; Fluks et al., 1975). This certainly is the 
basic equipment required for orientations and reflects the genetic investment in host finding. 
For adult helminths pancreatic and gastric secretions of host act as the trigger and terminate 
cues, respectively (Sukhdeo & Mettrick, 1984). The behavioural patterns of cercariae have 
been shown to possess highly coordinated integrative nervous system with complex 
neurochemical signalling mechanisms, which is confirmed by neuroanatomical, 
neurophysiological, cytological and biochemical studies (reviewed by Sukhdeo & Mettrick, 
1987, Gustafsson, 1988, Halton et al. 1990). In vertebrate, responses are not simply negative 
or positive, but may be a function of the ratio of positive to negative factors in the stimulus 
(Dethier, 1982). An organism that may respond negatively to a stimulus, e.g. an unappealing 
food source, may respond positively under conditions that change the positive/negative ratio, 
e.g. when the organism is starved. Flexible and more adaptable behavioural responses to the 
environment result from such mechanisms and this may help explain some of the difficulties 
encountered in the determination of the specific cues of parasite behaviour. 
Saladin (1979) proposed "behavioural parasitology" as a discipline that would combine 
ethology, sensory physiology and parasitology. He also invoked the Tinbergen (1963) caveat, 
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which suggests that familiarity with an organism is essential before problems can be attacked 
by experimentation. This suggestion is important for a better understanding of chemical 
communication in trematodes (Fried, 1986). Sukhdeo & Mettrick (1987) are of the opinion 
that the study of platyhelminth neurobiology will only advance through an approach that 
integrates behavioural analysis with neurobiology. New approaches to the control of 
helminthiases are needed. A knowledge of pheromones that regulate sexual attraction in 
nematodes and dioecious trematodes or pairing and aggregation in hermaphroditic digeneans 
could lead to immunological or chemotherapeutic means to interfere with pheromonal 
communication and breaking the life cycle. Preventing worms from mating would eliminate the 
pathology associated with egg production in such helminths as the schistosomes and prevent 
the completion of the life cycle for most helminths (Haseeb & Fried, 1988). 
Pathophysiological Studies: 
The effect of parasitism on definitive hosts have been well documented but 
comparatively few studies have been carried out concerning the relationship between 
the intramoUuscan larval stages of helminths and their intermediate hosts. 
The nature and degree of effects are related to a number of factors, chief of which 
are (a) the degree of infection, (b) the size and age of host, (c) the devlopmental pattern of 
the larvae (especially with reference to whether a redial stage occurs or not), and (d) the 
nature of organs invaded. Three main types of effect can be distinguished: (i) those affecting 
the hepatopancreas, (ii) those affecting the gonads, and (iii) those affecting the general 
physiology of the host. More than one of these effects can occur in a host at the same 
time. Larval parasitism greatly affect hepatopancreas by reducing the number of tubules, 
decreasing the glycogen content, increasing the fat content and the excretory 
products of the larvae may have a profound lytic effect on the hepatopancreatic cells, 
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causing local histolysis. In the head-foot region, the glycogen level may be greatly reduced as 
compared to histological and mechanical damages. The reason may be that the early sporocyst 
stages tend to be spent in this region and presumably such stages do not make such heavy 
metabolic demands as the later stages (Smyth and Halton, 1983). Migration of sporocysts to 
the hepatopancreas has been studied in detail for S. mansoni (Becker, 1968; Meuleman, et al. 
1978), and this appears to take place via the haemolymph system rather than via the secretory 
ducts. Molluscan gonads are attacked mainly by those trematodes which possess redial stages 
in their life cycles. Three types of effecfecan be produced; (i) direct ingestion of gonadal tissue 
by rediae (parasitic castration), (ii) sex reversals, (iii) inhibition of normal gametogenesis 
(Smyth and Halton, 1983). 
The pathological changes occuring in the intermediate host of digenetic trematodes can 
not be generalized due to involvement of a range of parasitic larval stages which differ in their 
physiological requirements, mode of feeding and morphological complexities. Further, the 
host-parasite relationship becomes more complex because of a regular flux in climatic 
conditions which ultimately affect the physiological as well as nutritional state of the host. The 
exact nature of this relationship, therefore, varies as the life cycle unfolds and progresses from 
host to host (Erasmus, 1972). 
Extensive studies have been carried out on the histopathological and histochemical 
alterations caused by trematode larvae which have been reviewed by Cheng & Snyder (1962); 
Wright (1966); Erasmus (1972); Smyth & Halton (1983). A number of studies on S. mansoni 
(Christie, 1973; Ishak et al, 1975), F. hepatica (Hodasi, 1972; Wilson & Denison, 1980), M. 
similis (McManus & James, 1975 a, b, d; Marshall et al., 1974 a), Cryptocotyle lingua and 
Himasthla leptosoma (Marshall et al., 1974 b), Opechona bacillahs (Koie, 1975) and various 
other species (Zdun etal, 1972) have been carried out. Very few studies related to quantitative 
changes in biochemical concentrations have been performed in parasitized snails. Robson & 
Williams (1971) reported that glycogen levels in the digestive gland as well as foot region 
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reduced considerably in presence of larval digeneans. In later studies Christie et al. (1974) 
reported a drop in the concentration of glycogen with increase in size of digestive gland-gonad 
complex in Biomphalaria glabrata infected with S. mansoni. Krishna & Simha (1977) also 
reported reduced levels of total carbohydrate while reducing sugars and body weight increased 
due to larval infections. Most of the studies concerning parasitic stress on the glycogen level 
of molluscs have revealed depletion in the level. However, Dennis et al. (1974) reported that 
a seasonally modulated glycogen cycle operates in two mussel species Mytilus edulis and 
Proctoeces maculatus with no significant difference in the infected and uninfected mussels. 
Glycogen levels may be higher in infected than uninfected mantle or vice versa but the glycogen 
content in the hepatopancreas of infected mussel was observed always less as compared to 
normal mussels (Dennis et al. 1974). Further, they have correlated the high level of acid 
phosphatase and its involvement in carbohydrate metabolism with the occurrence of large 
deposits of glycogen in tissue sections. In the shistosome vectors, Bulinus truncatus (infected 
with S. haematobium), and Biomphalaria alexandrina (infected with S^". mansoni), the rate of 
gluconeogenesis was reduced by 62% and 45%, respectively (Ishak et al., 1975) while the 
lactic acid production was substantially increased (by 52-73%) in infected snails. In presence 
of sporocysts, the level of total lipids and phospholipids increased while fatty acids and 
triglycerides decreased (McManus et al., 1975). Contrary to this, Southgate (1970) in an 
earlier study observed greater concentration of total lipids and fatty acids in the infected 
hepatopancreas of Lymnea truncatula while phospholipids decreased considerably. Apart 
from variations in carbohydrate and lipids due to larval stress, alterations in nucleic acids 
(Gilbertson & Michelson, 1969) and enzyme activities (Marshall et al., 1974; Chrisitie & 
Michelson, 1975; Krishna, 1980; Srivastava et al. 1994) have also been reported. 
Generally, protein and glycogen contents are depleted in tissues of gastropods (Gilbertson 
etal, 1967; Moore &Halton, 1973; Ishak e/a/., 1975; Krishna & Simha, 1977) infected with 
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larval trematodes. Feng et al.{\91Q) have reported variations in oyster haemolymph free amino 
acids and related nitrogenous compounds. They found both increase and decrease in the level 
of free amino acids of infected haemolymph. These authors suggested that reduction in amino 
acids could be attributed to the presence of parasites while elevation may be due to host's effort 
to replenish those lost to the parasite and in addition to this, the molecules being contributed 
by the parasite itself It has also been reported that in some cases when the number of parasites 
decreases through release of cercariae, mollusc tissue gradually returns to normality (Smyth & 
Halton, 1983). Hammen (1968) suggested that aminotransferases (Key enzymes of protein 
metabolism) play an important role in replacing the host amino acids in the infected tissues of 
oysters. 
Alterations in total lipid and lipid fractions have also been reported by a number of 
workers, the reasons assigned to variations in the amount and composition of lipids and fatty 
acids include diet, season of the year, age and environmental temperature (Nelson et al. 1967; 
Zar, 1968; Akulin&Cheboterava, 1969; Lee e/a/., 1970). In the infected molluscan host, fatty 
acids and triglycerides have been reported to decrease while phospholipid concentration as 
well as acetate-1-"'C increased in the same host (McManus e^a/., 1975). It was suggested 
that the elevation in phospholipids in parasitized tissues may be an attempt to regenerate the 
cell membranes which were broken down as a result of parasitism (James, 1965). The increase 
in acetate-1-''*C further supported the phospholipid elevation (McManus et al., 1975). In 
another study, decrease in total neutral lipid coupled with increased levels of fatty acids during 
infection in snails has been observed (James, 1965; Southgate, 1970; Moore & Halton, 1973). 
Increase in both fatty acids and neutral fats was noticed by Cheng (1965) who suggested that 
the increased fatty acid level was due to hydrolysis of neutral fats by lipase of parasite origin. 
Further, increase in the fatty acid concentration in infected hepatopancreas is probably due to 
the subsequent decrease in triglyceride and diglyceride content (Southgate, 1970). 
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Alteration in the level of RNA has been observed by Gilbertson & Michelson (1969), vv^ ho 
studied in vitro incorporation of exogenous precursors of RNA and found greater quantities 
of label, ed RNA in infected digestive gland of Biomphalaria glabrata as compared to normal 
snails. 
In order to perform various metabolic processes, an organism requires regular supply of 
energy which is obtained by the breakdown of a number of macromolecules like carbohydrates, 
lipids and proteins which are ultimately funneled to intermediates of TCA cycle. The 
integration among the metabolic pathways of these macromolecules is under the control of 
several enzymes. Among these enzymes, aminotransferases serve as an important link between 
carbohydrate and protein metabolic pathways. GOT, OPT as well as acid and alkaline 
phosphatase enzymes are considered as pathological markers in higher animals. The 
metabolic status of these enzymes in infected and normal snails has been investigated by few 
workers (Douglass & Haskin, 1972; Manohar et a/. .1972, Christie and Michelson, 1975; 
Krishna, 1980; Srivastava e/a/. 1994). The enzymes of the parasite are usually more active than 
in the host, although parasitism may elevate the enzyme activities of the host tissijie 
(Machado et al. 1972; McManus, 1975 b,d; Marshall et al. 1974 a, b). An increased level of 
aspartate transaminase (GOT) was detected (Manohar, 1972) in the body fluid of infected 
Lymneal luteola while alanine aminotransferase (GPT) revealed a spectrum of changes in 
enzyme specific activity. Higher concentration of serum aspartate transaminase has been 
reported in oyster Crassostrea virginica infected with Minchinia nelsoni (Douglass & Haskin, 
1972). Contrary to these observations, Christie and Michelson (1975) reported decrease in 
GOT & GPT levels in B. glabrata digestive gland-gonad (DGG) complex infected with S. 
mansoni. Further, these workers suggested on the basis of Becker's (1968) and Cole's (1973) 
figures that the rise in GOT activity of the DGG of infected snails may be due to enzymes 
contributed by maturing cercariae. Higher level of GOT as compared to GPT was observed in 
the tissues of Indoplanorbis exustus infected with Paramphistomum cervi, which revealed the 
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dominance of oxaloacetate oriented metabolism (Krishna, 1980). Alterations in the level of 
acid and alkaline phosphatases have also been reported in a number of snails due to larval 
infection. Cheng (1964) found higher levels of both acid and alkaline phosphatases in the 
infected hepatopancreatic cells. He further observed the occurrence of these enzymes in the 
nucleoplasm of hepatopancreatic cells as well as in the nuclei of rediae and cercariae 
which reflected the possible involvement of phosphatases in the metabolism of nucleic acids 
and nucleotides. These enzymes are known to participate in the synthesis of nucleic acids and 
nucleotides. In another study Porter et al. (1967) reported higher enzyme activity of acid and 
alkaline phosphatases in the infected hepatopancreatic tissues and correlated the role of 
enzymes in the hydrolysis of substrates outside the tissues in the surrounding environment as 
well as intimate association with carbohydrate degradation. Acid and alkaline phosphatases 
elevation has also been found in infected L. luteola while in M tuberculatus the acid 
phosphatase activity was almost similar in normal and infected snails (Krishna, 1980). 
Recently, the level of alkaline phosphatase has been reported to be increased in 
hepatopancreatic tissues of three snail species, Melanoides tuberculatus, Vivipara 
bengalensis and Lymnea luteola infected with larval trematodes (Srivastava et al. 1994). 
The reasons assigned to such changes are primarily the breakdown of glycogen and 
secondarily, due to phosphorylated passage of hydrolysed product of glycogen from 
host to the parasite. 
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Biochemical Profile of Developmental Stages: 
It is well known that during the completion of life cycle helminth parasites pass 
through a succession of different environments ranging from free living to the tissues of 
invertebrate intermediate hosts where they undergo multiplication for genome amplification 
and finally to the vertebrate definitive host. Inside the definitive host, the parasites traverse 
across the diversified microenvironments where they regulate their activities accordingly. 
The regulatory activities and the response of parasites to the environmental changes are 
manifested at the morphological, reproductive and even at the molecular level for improved 
survival strategies and to ensure the establishment of their germ line. The complex life cycle 
of parasites involve a regulatory sequence of metabolic switches regulated by desired 
alterations of biomoleculesby the parasites. Thus any change in the organic state of the habitat 
or its physico-chemical condition is reciprocated by the parasites through its metabolic 
features. Survey of the literature reveals that most of the studies like morpholigcal, 
physiological, biochemical etc. are confined only to adult parasites while other 
developmental stages particularly the free living stages and those infecting the intermediate 
molluscan host, are almost neglected. 
General metabolism of the egg is poorly known and has been examined in only a few 
species. Studies on the biochemical turnover in larval helminths reveal that the endogenous 
reserves are utilized during the development of miracidia of Fasciola hepatica (Horstman, 
1962; Wilson, 1967). In the eggs of Fa5c/o/a hepatica the carbohydrate reserves are present 
in the form of glycogen and the glycogen content falls from 32% (dry weight) to about 15% 
at the time of hatching (Wilson, 1967). It has been observed that 40% of the egg contents of 
Fa5c;o/a are utilized as food during the development (Wilson, 1967). The total carbohydrate 
content of undeveloped eggs ranged from 38 to 56 fig/1000 eggs which sharply declined 
from 38 to 8 (j,g /1000 eggs at the end of the development. In other words, 30 jig of 
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carbohydrate/1000 eggs were used during the development of miracidia. Carbohydrates 
account for 26% of total dry weight at the beginning of development and 14% at the end. 
These observations (Wilson, 1967) were similar to Horstman's (1962) figures of 32 and 15 
percent respectively. Ranzoli(1956) concluded that carbohydrates were the main food reserve. 
Decline in the protein content o{ F. hepatica eggs during the development (0-10 days) was 
also observed. The protein content at the beginning of development was recorded as 80-
100 |ig/1000 eggs which decreased to 20-37 fig/lOOO eggs. This decrease in soluble protein 
could indicate either combustion as a food source or combination into structural components 
as observed by Wilson (1967) who also found that carbohydrate and protein appear to 
be the main energy source in a ratio of 3:2. Further, the contribution of shell material to total 
dry weight (20%) is considerable and appears to be predominantly protein while most of 
the remaining 80% of egg solids can be accounted for 27% protein, 26% carbohydrate and 
10% lipid. Chettyet al. (1982) reported a steady decrease in total free amino acids, without 
any increase in total protein content, as observed in Cyprinus carpio just after fertilization 
and until morula stage. Significant decrease in total free amino acids during closing of 
blastophore is accompanied by rise in total protein, whereas enormous rise during the 
subsequent developmental stages is accompanied with applicable decrease in protein, 
suggesting intense protein degradation just prior to hatching. Lee and Song (1977) reported 
that the total amount of fatty acid also decreased from 12.9 mg/g (single cell stage eggs) to 
6.6mg/g (embryonated Qggi) of Ascarissuum, whereas the proportion offree fatty acid to total 
fatty acid was constantly increased during the period of egg development. Moreover, the total 
amount of glycerides also increased from single cell stage to the embryonated eggs. These 
authors (loc. cit) observed that the most abundant glyceride among the three glycerides 
discovered from Ascarissuum eggs was triglyceride and the least wasmonoglyceride. While 
the amount offree cholesterol was much higher than that of ester form in general, it reached 
maximum in the eggs of morula stage (4.6 mg/g). Increase in total cholesterol was also observed 
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during the development of eggs. The lipid content ofMeloidogyne arenaria eggs was found to 
be around two thirds of the dry weight (Krusberg etal., 1973) which was much higher than any 
developmental stage of any nematode, reported earlier. Further, it was observed that freshly 
hatched larvae of M arenaria contained nearly 20% less lipid than eggs, suggesting that during 
hatching a large amount of lipid was either utilized or lost while the mean lipid content of 
undeveloped eggs of F. hepatica was observed to be 16 jig/1000 eggs and that of developed 
egg was 22 jig/lOOO eggs (Wilson, 1967). Further, it has been histochemically demonstrated that 
the amount of lipid increased in the early stages of development as observed on the second day 
of development, revealing 40 jxg/1000 eggs which indicated the rapid synthesis of lipid during 
the early stages of development. The author (loc.cit) also recorded 1.1 and 1.9 jug/1000 eggs 
nucleic acids for undeveloped and developed eggs of F. hepatica respectively. This is 
equivalent to a nucleic acid content of 0.8% at the beginning of development and 3.1% at the end. 
The development of embryo of F. hepatica , both histologically and biochemically can be 
divided into two phases: (1) a period of cell division (from day 6 onwards) and (2) a phase 
of cell differentiation following an increase in embryonic length. The process of development 
is obligatorily aerobic and 38% of the egg contents are used as an energy source (Wilson, 1967). 
Like other metabolites, the trematode eggs are also rich in enzymes which participate in 
developmental regulation of the organism. A number of enzymes like acid and alkaline 
phosphatases, 5'-nucletoidase, adenosine triphosphatase, aminopeptidase, acetylcholine 
esterase and a non-specific esterase have been detected in the eggs of S. mansoni (Andrade 
& Barka, 1962; Pepler, 1958). 
pew studies have been carried out on the metabolism of miracidia. The 
carbohydrate metabolism in Fasciola miracidia has been examined by investigating the incorporation 
of''*C-labelled glucose and succinate into metabolic intermediates (Bryant & Williams, 1962). Like 
the adult fluke labelled glucose was found to be incorporated into the glycolytic intermediates, 
hexose phosphates, phosphoenolpyruvic acid, alanine and lactic acids. The occurrence of 
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glycogen in miracidia has been reported by a number of workers. Taft (1979) found large 
concentrations of glycogen in the epidermal plates and lesser amount in the apical glands 
of Cyclocoelum oculeum miracidia. Axmann( 1974) observed glycogen in the sub epithelium 
and parenchyma of ;S'. mansoni and S. japonicum while Brogomolova (1957) reported in parts 
of the tegument and areas surrounding embryonal cells ofF. hepatica. Wilson (1969) observed 
below the ciliary roots of F. hepatica, and Wikel & Bogitsh (1974) reported from the epidermal 
plates and penetration and apical glands oiS. mansoni. The association of glycogen deposits 
within epidermal plates suggests its use as a substrate for enzymatic reactions required for 
ciliary movement. Wilson (1969) also reported the presence of acid mucopolysaccharides on 
the surface of F. hepatica miracidia and hypothesized that such muco- substances might protect 
penetrating miracidia from the host's enzymes. Since the miracidium of C. oculeum does not 
penetrate its host, the extremely weak Alcian blue staining might be a corollary of Wilson's 
hypotheses (Taft, 1979). High concentration of protein in miracidia (Mazia et al. 1953, Taft, 
1979) and rediae (Taft, 1979) has also been reported. Berenbaum (1954) observed strong 
reactions for proteins in the apical gland, flame cells and epidermal plates which indicated 
high levels of "bound lipids"; i.e., lipids in close association with proteins, carbohydrates and/ 
or nucleic acids. In another study, Erasmus (1967) noted lipid droplets in the excretory ducts 
of Cyathocotyle bushiensis adults. He speculated that in adults it is an excretory product, but 
in other stages it might be an energy source. The absence of free lipids in C. oculeum miracidia 
as determined by conventional lipid staining may indicate that lipids are not a major energy 
substrate in this larval stage. Cytochemical investigations of the dehydrogenase activities of the 
miracidium of Fasciola have detected the following dehydrogenases: isocitrate, succinate, 
malate, lactate, alpha glycerophosphate, L-glutamate, alcohol, glucose-6-phosphate, 6-
phosphogluconate and p-hydroxy butyrate in newly hatched and 18-h old Fasciola miracidia 
(Humiczewska, 1975 a). This confirms the earlier results using isotopes, indicating that 
glycolysis is the most important pathway, although a Krebs and a pentose phosphate pathway 
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also apparently occur in parallel (Humiczewska, 1975 a) in 24 h old miracidia, the Krebs 
cycle appears to be the only energy source in Fasciola. In contrast with the adult, however, a 
Krebs cycle does not appear to occur in the miracidia, although there is some evidence for the 
existence of two of the enzymes of this cycle, i.e. succinic dehydrogenase and fumarase. The 
importance of the role of carbohydrates in the metabolism of miracidia is emphasized in that 
alkaline phosphatase, ATPase, 5'-nucleotidase, glucose-6-phosphatase and thiamine 
pyrophosphatase have also been detected histochemically in the miracidium oiFasciola. 
Like adult trematodes, sporocyst and rediae have a pronounced carbohydrate metabolism. 
Histochemical studies have revealed that the tissue around daughter sporocyst contained less 
glycogen compared to the corresponding tissue in uninfected snails (Cheever & Weller, 1958; 
Cheng & Snyder, 1962) whereas the cercariae and rediae were found rich in glycogen. The 
presence of parasites within the molluscan host may, however, stimulate excessive breakdown of 
glycogen in hepatopancreatic cells. Studies on the carbohydrate metabolism of the intramoUuscan 
stages has been generally restricted to a few species e.g. Microphallus spp. (McManus & James, 
1975, a,b,c,d,e,f; Marshall et al., 1974 a,b; Richards et al., 1972), Schistosoma spp. (Coles, 
1972; Christie, 1973,Diconza, 1974 b;Wium-Andersen&Simonsen, 1974), Cercaria helvetica 
(Reader, 1971, 1974 b), Cercaria linearis and C stunkardi (Thomas & Pascoe, 1973); and 
miscellaneous species (Ginetsinskaya, 1972; Ginetsinskayae/a/., 1976); Himasthla quissetensis 
(Hoskin & Cheng, 1974; Vernberg& Hunter, 1963 );F./je/?a//ca (Humiczewska, 1975a,b). Eariier 
work has been adequately reviewed by Erasmus (1972). Only limited work has been carried out 
on the protein metabolism oftrematode larvae. Protein synthesis undoubtedly proceeds at a high 
rate for larvae to build not only their own tissues but also those of the inviduals of subsequent 
generation. The origin of the amino acid concerned in the synthesis of protein in rediae, sporocysts 
or cercariae has been examined in a number of species, e.g. Glypthelmins spp., Gorgodera 
amplicava and Echinoparyphium sp. (Cheng, 1963). Lipid metabolism in larval trematodes has 
been little studied. A correlation with the site of infection in the molluscan host and concentration 
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of the lipid content in the sporocyst walls has been made which revealed that the larval 
trematodes present on the surface of the host intestine or between organs were almost devoid 
of lipids, whereas those embedded in the host hepatopancreas were rich in fats (Smyth and 
Halton, 1983). It has been reported that in M similis, lipid fractions of the sporocysts were 
qualitatively identical to those of the digestive glands L/Y^or/wa and were clearly of host 
origin (McManuse^^/., 1975). The neutral lipids, in ascending order of origin included a green 
pigment, monoglycerides, fatty acids, steroids, triglycerides, a yellow-brown pigment (possibly 
containing carotenoids) and sterol esters. The phospholipids comprised of phosphatidyl serine, 
lysophosphatidyl choline, sphingomyelin, phosphatidyl inositol, phosphatidyl choline, 
phosphatidyl ethanolamine and cardiolipin. Traces of cerebrosides (glycolipids) were also 
reported (Smyth and Halton, 1983). 
The metabolism of the cercariae of only a very few species has been studied. Biochemical, 
autoradiographic and cytochemical methods have all been used. Some data are available for 
Sphaeridiotrema globulus (Reader, 1974 b), Schistosoma mansoni, (Coles, 1973 a & 
Stirewalt, 1974) and Tricobilharzia ocellata (Bourns, 1974). After penetration, the 
schistosome cercariae have been shown to utilise pyruvate and a lesser extent, certain 
intermediates of the TCA cycle (Bruce e/a/., 1971). Some of these data together with the 
use of inhibitors suggest that the TCA cycle is operating in S. mansoni (Coles, 1972). Some 
of the test enzymes have been assayed quantitatively (Coles, 1973 b). Histochemical 
evidence for a TCA cycle has also been obtained for F. hepatica (Humiczewska, 1975 
e) and Plagiorchis elegans (Leflore, 1978). The presence of 6-phosphogluconate 
dehydrogenase and glucose-6-phosphate dehydrogenase suggests that a pentose phosphate 
pathway may also operate but at a low level (Leflore, 1978). The tail acts as a major reserve 
of nutrients in schistosomes, 59% of the cytochrome oxidase activity and 46% (w/w) 
of glycogen have been found to occur in the tail. Glycogen appears to be the 
major energy reserve in the cercariae. Although they may contain nearly 30% lipid, there 
is no evidence that lipids or other substances, such as protein or nucleic acid, are 
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utilized to any significant extent by free-swimming cercariae (Stirewalt, 1974). The metabolic 
enzymes of cercariae have been little studied biochemically. Stirewalt (1974) and Coles (1973 
a, b) have reviewed much of the available information. The distribution of oxidases, 
dehydrogenases and /or hydrolytic enzymes have been examined cytochemically in 
Fasciola /lepaf/ca (Humiczewska, 1975 e, Moore & Halton, 1975), Himasthla quissetensis 
and Zoogonus lasins (Jennings & Leflore, 1972) and Plagioporus lepomis (Porter & Hali, 1970 
b). The amounts of protein and carbohydrate of 7r/cAoZ»/7/ja/'z/a ocellata cercariae were found 
to be 0.125 jAg/1000 cercariae and 0.035 mg/1000 cercariae respectively (Bourns, 1974). 
Oliveira et al. (1975) reported that ratio of carbohydrate/protein decreased to about 50% of 
its original value during the transformation from cercariae to shistosomula. The loss of 
carbohydrate material from transforming cercariae was accompanied by changes in intensity of 
the PAS-stained bands obtained by electrophoresis of larval extracts. The authors also 
recovered the glycoprotein material of the cercarial glycocalyx from the incubation medium 
following transformation of the larvae to schistosomules. Cole (1973) observed that 32% of the 
total nitrogen and 22% of the cercarial body glycogen are lost during transformation, these data 
are very close to the observations of Gazzinelli et al. (1973) on the loss of protein and total 
carbohydrate from the transforming cercariae. Gazzinelli et al. (1973) determined 
electrophoretically that two polysaccharide bands obtained from cercarial extracts were much 
reduced in schistosomule preparations. Oliveira et al. (1975) reported that carbohydrate 
material is lost from the cercariae and may be isolated from the incubation medium. Oliveira 
et al. (1975) concluded that the protease activity, the electrophoretic pattern of PAS-positive 
materials and the carbohydrate protein ratio of the larvae can be used as indicators of the extent 
and nature of the metamorphic changes undergone by the cercaria in its transformation to 
schistosomule. 
Although there have been numerous studies on the biochemical composition and 
carbohydrate metabolism of adult digeneans, studies on metacercariae are more or less 
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fragmentary and primarily of descriptive nature (von Brand, 1973; Smyth, 1976). Siddiqui and 
Nizami (1981) covered a number of aspects related to carbohydrate metabolism of the 
metacercariae ofClinostomum complanatum such as glucose uptake, glucose leakage and the 
effect of starvation on their glycogen content. The authors reported high level of glycogen 
in the progenetic metacercariae of C. complanatum which may be because this parasite 
inhabits a semi-anaerobic environment and being a transitional stage in the development, 
requires more energy for growth and metabolism. The lipid content was found to be high in the 
C. complanatum metacercariae which confirmed the theory of Engelbrecht & Palm (1964), 
that the long surviving larval stages of helminths store lipids. High level of lipid contents in the 
metacercariae of C. complanatum may be because the helminths store lipids to produce eggs 
(von Brand, 1973; Goii, 1958). Fractionation of lipids showed that triglycerides account for 
high percentage of the total lipids while the cholesterol and free fatty acids are present in 
approximately similar amounts (Siddiqui and Nizami, 1981) which are in accordance with those 
reported for adult of Dugesia dorotocephala by Meyer et al. (1970), S. mansoni by Cicchini 
et al. (1976)aswell asGastrothylaxcrumenifer, Cotylophoron cotylophorum, Gigantocotyle 
explanatum, Fasciolopsis buski, Isoparorchis hypselobagri and Gastrodiscoides hominis by 
Yusufi and Siddiqi (1976, 1977). 
The detection and estimation of the free amino acids and aminosugar in the uterine eggs, 
larvae and adults of the lung fluke, Paragonimus revealed an increasing trend of free amino 
acids and amino sugars during the different developmental stages of lung fluke (Hamajima, 
1966) and it was observed that nine spots corresponding to amino acids and aminosugar in the 
uterine eggs; fifteen spots in the rediae and cercariae, thirteen spots in the metacercariae and 
ninteen spots in the adults were separated. In adults the amount of fifteen free amino acids and 
one aminosugar was measured which was in the range of 0.10-0.80 mg/g of fresh tissue. 
The life cycle of digenetic trematodes consists of a number of different larval, intermediate 
and adult forms which have strikingly different morphology, live in extremely different 
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environments and express widely different functions. Such a diversity can obviously be 
expected to have a counterpart in the biochemical composition of the various forms. Comparative 
studies focusing on the composition of different stages of .S". mansoni have been performed using 
immunological criteria (Capron, et al., 1965) as well as biochemical methods (Sodeman, 
1968). Acrylamide gel electrophoresis of parasites or parasite fractions has been used by 
various authors for the analysis of protein components (Sodeman, 1967, 1968; Kusel, 1972; 
Kusel & Mackenzie, 1975; Murrell etal., 1974; Pelley, et al, 1976). The SDS-PAGE results 
revealed upto 60 bands in each sample and most of the bands were of similar intensity in 
immature and mature forms of the two sexes ofS. mansoni. It was also reported that a protein 
with high molecular weight (about 160 kDa) was unique to cercariae, bands with 58 kDa, 23 kDa 
and about 11 kDa MW were unique to adult schistosomes while a protein of 29 kDa MW was 
unique to female worms (Ruppel & Cioli, 1977). The authors also observed high degree of 
identity between protein patterns of mature and immature shistosomes and between male and 
female worms. Inspite of great morphological differences, specialized structures characteristic 
of each stage are likely to emerge as differences in protein composition only if they represent 
a sizeable portion of the total parasite tissues. A few prominent bands have been observed to 
be present only in specific developmental stages. Thus, a protein of amount 160 kDa MW was 
unique to cercariae and might be associated with either the glycocalyx which was absent in post-
cercarial stages or with the contents of the penetration glands which were discharged during skin 
passage. Adult worm of both sexes possessed a protein of about 58 kDa MWwhich was lacking 
in immature stages and might therefore, be associated with appearance of some typical adult 
structure, like the intestine and its contents. The same is true for the two other proteins from adult 
worms of about 23 kDa and 11 kDa MW. Further, a protein of 29 kDa MW occurred only in female 
worms and is likely to be associated with the female genital organs (probably the vitelline gland 
which occupies the greater part of the female body). Female-specific proteins were also 
described by Ruffet al. (1973) for S. japonicum. Electrophoretic analysis by SDS-PAGE of 
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soluble egg proteins of ,5". mansoni (Pillay and Pillay, 1994 a, Carter & Colley, 1978, Pillay, 
1995,1996), G. crumenifer, F. elongatus, P. epiclitum, O. scoliocoelium and G. explanatum, 
F. gigantica (Saifullah and Nizami, 1994) has also been reported and the data have been 
utilized for taxonomic studies. Pillay (1996) reported variations in three isolates of .S. mansoni 
obtained from different geographical regions, the nuber of polypeptides varying from 25 for the 
PuertoRican (PR) to 27 for the Eastern Caprivian (EC) and South African (SA) isolates. The 
molecular mass of the polypeptide ranged from 12.0 kDa to 97.9 kDa. The author also observed 
a30.8 kDaand a 12.0 kDa polypeptides common to all three isolates. In a recent study, Saifullah 
& Nizami, (1994) identified a total of 52, 50, 44, 67, 52 and 41 polypeptides with 3,5,4,14,4 
and 9 characteristic polypeptides in G. explanatum, F. gigantica, G. crumenifer, Fischoederus 
elongatus, P. epiclitum and Orthocoelium scoliocoelium respectively.The coomassie blue 
staining patterns of SDS extracts of I '" labelled cercariae, schistosomula, and adult worms, 
analysed by SDS-PAGE, were similar and showed that the procedure resolved proteins in the 
molecular weight range of 15 kDa to more than 100 kDa (Shah and Ramasamy, 1982). The 
similarity in the composition of the major parasite proteins has also been noted by Ruppel and 
Cioli (1977), a prominently labeled 76 kDa protein was detected in all three forms of the 
parasite while a high molecular weight glycoprotein (> 15 0 kDa ' ) was specifically labelled 
on adult worms. The presence of common surface antigens on cercariae, schistosomula and adult 
worms was also investigated using sera from infected patients and control normal human sera 
by immunofluorescence (Shah & Ramasamy, 1982). The authors demonstrated a number of 
antigens in the molecular weight range of 22 to > 150 kDa in both male and female S. mansoni 
collected from different geographically isolated regions of Kenya. These results were 
compared with the data of Hayunga ei al. (1979 b) who were able to identify antigens in the 
molecular weight range of 20 to 100 kDa in adult worms. These authors also detected a >100 
kDa MW glycoprotein which probably corresponds to the > 150 kDa MW antigen. Carbohydrate 
labelling procedures further suggest that the >150 kDa MW antigen is a glycoprotein (Shah & 
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Ramasamy, 1982). The presence of common surface antigen on larval and adult parasites 
provides part of the explanation for the phenomenon of concomittant immunity in schistosomiasis 
(Smithers & Terry, 1969). It has been shown that surface antigens are released in vitro from the 
adult worms into a medium (Shah & Ramasamy, 1982; Kusel, et al. 1975). In a 1985 study, 
Dalton et al. have identified glycoproteins which have developmentally regulated expression. 
The authors compared for the first time immunogenic glycoproteins synthesized by immature and 
mature flukes, and have identified those polypeptides which are likely candidates for 
immunoprophylaxis. As revealed by two-dimensional SDS-PAGE of radio immunoprecipitates, 
antibodies in sera of rabbits infected for 3 weeks reacted much more strongly with antigens of 
immature flukes than with antigens of mature flukes. These included antigens of molecular 
weight 28 kDa, 32 kDa, 34 kDa four glycoproteins of 25 kDa and 43 kDa and five glycoproteins 
of30-33kDa. The expression ofthese major immunogenic immature glycoproteins were reduced 
in mature flukes, which may explain the lack of success in vaccination from this stage (Burden 
& Hammet, 1980). It was noted that one glycoprotein of 260 kDa synthesized and released by 
F. /?e/?a /^ca was reactive only with sera during the early stages of infection (Dalton e/ al., 1985). 
Further, one-dimensional electrophoretic separation in polyacrylamide gels with SDS and 
fluorography of juvenile and adult proteins revealed that juveniles produced most of the adult 
proteins. Three outstanding male-specific gene products include a polypeptide with a MW of 
88 kDa and an isoelectric point (pi) of 5.65, one with aMW of 66 kDa and pi of 5.25 and one 
with a MW of 58 kDa and a pi of 5.25. The female synthesised 4 specific polypeptides with 
isoelectric points between 4.3 and 4.7 and were of low molecular weight. Two dimensional 
electrophoresis resolved 74 major polypeptides synthesized by the adult worm. Atkinson and 
Atkinson (1982) compared the protein synthetic activity of sexually mixed S. /w<sf«5<?«/juveniles 
with that of sexed adults. It was observed that under similar radio labelling conditions in vitro. 
the specific activity of protein extracted from juvenile worms is higher (7400 and 8200 cpm-
|j,g protein for 20 and 26 day respectively) than that found for adult proteins (1012 and 1069 cpm, 
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[ig protein for male and female, respectively). Analysis of densitometeric scans of fluorograms 
of the male and female labelled proteins disclosed some striking differences as the 66 kDa 
polypeptide was produced abundantly by males while in females it is released in much smaller 
amounts (Atkinson and Atkinson, 1980). The dissimilarities in male and female polypeptides 
(Atkinson & Atkinson, 1982) represent either the products of different genes and /or similar gene 
products which have undergone selective chemical modifications in situ. Schistosomula 
proteins separated by a two-dimensional (NEPHGE) gel system indentified 94 major silver 
stained polypeptides. When compared to polypeptides similarly separated from cercariae and 
adult worms: cercariae share the same polypeptides as schistosomula, adult worms share 
60% of the polypeptides. A group of five schistosomula polypeptides 15-31 kDa (apparent 
pi, 8.2-8.9) was found in adult worm extracts. The 94 polypeptides separated, represent 
the major silver stained polypeptides of 3 h schistosomula in a sonicated extract. Only few 
reports on the synthesis of silver stained protein of schistosomula are available (Maeda et al., 
1984; Dissous et al., 1985). Analysis of various extracts of S. mansoni employing two-
dimensional gel system has been reported (Aronstein & Strand, 1983; Norden & Strand, 1984 
a,b; Kelly era/., 1985; Dalton era/., 1986; Yukenberg era/., 1987; Miller era/., 1989). The 
polypeptide patterns of silver stained SDS-PAGE and NEPHGE of cercariae and schistosomula 
extracts were identical. Silver stained NEPHGE of adult worm (over 60%) are present in 
schistosomula (Miller er a/., 1989). Stage specific differences between adult worms and 
schistosomula have also been reported (Ruppell & Cioli, 1977; Shah & Ramasamy, 1982; 
Maeda era/., 1984; Payares era/. 1985; Yukenberg era/., 1987). Kawanaka& Carter (1992) 
analysed the protein composition of 5'. japonicum ES products, soluble extracts of newly laid 
eggs and in vitro matured eggs by SDS-PAGE. These authors observed that the silver staining 
pattern of newly laid eggs and mature eggs were similar except for the band at approximately 
66 KDa which appeared in highest concentrations in newly laid eggs. 
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Amino Acid Uptake Studies: 
It is well established that an efficiefnt protein metabolism exists in helminth para-
sites (Smyth & Halton, 1983, Hanna et al., 1988, Khan et al., 1990, Smyth, 1996) and the 
ubiquitous nature of protein distribution is fairly known. Proteins are the molecular 
instruments through which the genetic information is expressed while amino acids serve 
as precursors of many macromolecules including various hormones, vitamins, coenzymes, 
alkaloids, porphyrins, antibiotics and neurotransmitters etc. Besides, they also serve as a 
source of energy when primary energy source is lacking. For the production of energy, 
carbon skeleton of amino acids is converted to glycolytic or TCA cycle intermediates 
(Bohinski, 1987, Lehninger, 1975 ). But before the commencement of any metabolic reac-
tion an amino acid has to be transported across the cell membrane from the outside or 
extracellular environment. A number of membrane bound enzymes have been localized by 
many workers and their function has been assigned to transmembranosis (Erasmus, 1968, 
Threadgold, 1968, Dixon, 1970). The transport mechanism of amino acids involves the y-
glutamyl transpeptidase of y-glutamyl cycle. It is a key enzymes of this cycle and it is 
membrane bound. In helminths, various mechanisms have been reported for the transport 
of amino acid, e.g. passive diffusion, mediated diffusion (faciliated diffusion), exchange 
diffusion, active transport (Reviwed by Pappas & Read, 1975) etc. 
In the transport mechanism, the body surface of platyhelminths play an important role in 
maintaining a dynamic state of biochemical and physiological interplay to establish a successful 
host-parasite relationship. The tegument is permeable to a wide variety of low molecular weight 
organic solutes and micronutrients like amino acids (Chappell, 1974, Mercer & Chappell, 1985, 
Asch & Read, 1975a, Pappas, 1988). However, Uttle is known about the uptake by trematodes. 
Transport of amino acids may involve a combination of different physiochemical and physi-
ological processes including various permease systems with broad and often overlapping 
specificities which prevent flooding of the internal pool by a single compound, maintaining an 
equilibrium with the micro environment (Barrett, 1981). Transport of nutrients across the 
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tegument of digenetic trematodes is complicated by the presence of an alimentary canal 
which certainly plays a major role in nutrition aided by various tegumental transport 
systems (Cox, 1993). Among the absorption of low molecular weight substances across 
the tegument both S. mansoni and F. hepaiica transport monosachharides in vitro by car-
rier-mediated mechanisms. To establish the roles of intestine and body surface during the 
uptake of radiolabelled substrates, ligation of the pharynx (Mansour, 1959, Chappell, 1974, 
Isseroff & Read, 1969,) or exclusion of the mouth from the test medium (Asch & Read, 
1975a, Rogers & Bueding, 1975) was performed, Isseroff and Read (1969) demonstrated 
the uptake of labeled amino acids across tegument in both ligated and unligated worms 
incubated in the medium containing radiolabelled amino acids. They observed that the 
initial tegumentary absorption of amino acids followed the process of diflfusioon in F. 
hepatica and Fascioloides magna while in S. mansoni.lhe uptake of methionine, glutamate, 
glycine, arginine, alanine or tryptophan occurs mainly by diffusion at high concentration 
but via a mediated sysytem for amino acids at low concentrations. Although the experi-
ments with ligated parasites can provide important information about the mode of uptake 
but the procedure of ligation itself may cause significant damage to the parasite surface, 
there by affecting the results of the uptake studies (Halton & Arme, 1971, NoUen & 
Nadakavukaren, 1974). Involvement of gut as the main route for the uptake of tyrosine and 
leucine (Philopthalmus) and arginine (Haematolechus) has also been demonstrated (NoUen, 
1968b, Parkening & Johnson, 1969, Pappas, 1971). Kurlec & Ehrlich (1963) found sig-
nificant loss of amino acids in F hepatica with ligated oral suckers. The uptake of a 
variety of amino acids under in vitro conditions has been demonstrated in F. hepatica 
(Ehrlich et al. 1963, Pantelouris, 1964a,b, Thorsell & Bjorkman, 1965, Knox, 1965a,b) in 
S. mansoni (Senft, 1963, 1965, 1966). Smyth (1996) has comprehensively reviewed the 
amino acid uptake phenomenon in helminth parasites. The absorption of amino acid occurs 
primarily via the tegument in S. mansoni, F. hepatica and F. magna and the uptake of 
amino acids in S. mansoni involves a mixture of mediated transport whereas only diffu-
sion appears to be involved in F. hepatica and F. magna (Barrett, 1981). In S. mansoni. 
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sex related differences as well as differences in the uptake of amino acids by paired and 
unpaired schistosomes have also been investigated (Senft, 1968, Cornford & Oldendorf, 
1979). In male S. mansoni, there is evidence for at least five transport systems 
including a highly specific transport locus for proline and one for acid amino acids (Asch 
& Read, 1975). However, some of the amino acids like methionine, proline, histidine, 
cycloleucine and 2-amino-isobutyrate by H. diminuta are accumulated against concentra-
tion gradient, suggesting the involvement of active mediated transport, obeying the 
Michaelis-Menten kinetics (Barrett, 1981). The uptake of substances in active transport 
foJfows a saturation kinetics indicating the involvement of enzyme system (Smyth, 1966). 
The occurrence of a large diffusion component in helminths is well documented in trans-
port studies (Eavenson & Christensen, 1967, Woodward & Read, 1969, Hampton, 1970). 
Though the diffusion component is common, it has not always been taken into consid-
eration (Lussier, 1977, Winne, 1977). According to Podesta (1981) the diffusion compo-
nent in the fluxes of leucine, alanine and methionine represents facilitated rather than Fickian 
diffusion. In S. mansoni, '"^C-tyrosine has been shown to be selectively incorporated into 
the vitelline cells in vitro. Some workers concluded that the tegument is the principal 
route of micro molecular interchange in vitro incubations (Isserofif & Read, 1969, Isserofif 
et al. 1972a and Lumsden, 1975, Asch & Read, 1975a, Mercer & Chappell, 1985). 
According to Podesta (1981) the tegument functions as a digestive / or absorptive surface 
with specific transport agencies which mediate the fluxes of amino acids. In trematodes, 
surface topography has revealed certain morphological features which play an important 
role in absorptive functions (Smyth & Halton, 1983). The ultrastructural features often 
augment the permeability and other functions which conform to the absorption by the 
tegument (Lumsden, 1975). The glycocalyx has also been reported to influence the absorp-
tive properties of the body surface and the specialized region of the tegument called "hold 
fast" which may play a major role in extracorporeal digestion and absorption (Barrett, 
1981). The relative role of intestine and external surfaces in the nutrition of helminths has 
been discussed by Pappas (1988). 
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A number of kinetic studies describing the mechanism, specificities and rate of amino 
acid transport have been comprehensively reviewed by many workers (Pappas & Read, 
1975, vonBrand, 1979). Recent studies on the uptake kinetics of amino acids have been 
carried out on cysticercoids of H. diminuta and protoscoleces of E. granulosus by Jeffs 
and Arme (1984, 1985a,b, 1986) and on adult Schistosomes by Mercer & Chappell (1985b) 
and Cornford (1985) and on adult liver and rumen amphistomes (Abidi & Nizami, 1995). 
Among various helminth groups, six amino acid transport systems depending upon 
their specificities and affinities, have been extensively studied in the cestode H. diminuta. 
Among these six mediating systems or sites for amino acid fluxes, one site has high affin-
ity for dicarboxylic amino acids while the second for dibasic amino acids and the remain-
ing four sites for mediating the neutral amino acids (Pappas & Read, 1975). The six trans-
port sites in H. diminuta apparently bind several amino acids particularly basic amino 
acid transport site, is the most clearly defined site and it has been observed that the basic 
amino acids do not interact with neutral, acidic or aromatic amino acids during transport 
(Read et al. 1963). A distinct site for neutral amino acid transport has been worked out in 
H. diminuta (Harris & Read, 1968), while neutral and basic amino acid interact during 
the transport in S. mansoni (Chappell, 1974, Asch & Read, 1975b). 
Among the digenetic trematodes, amphistomes have remained some what neglected. 
However, in a recent study, the transport of some of the amino acids has been investigated in 
two amphistome parasites G. explanatum and G. crumenifer infecting liver and rumen re-
spectively (Abidi & Nizami, 1995). Differences in incorporation have been demonstrated by 
using autoradiography and scintillation counting. Kinetic studies have been carried out by using 
L-(^H) labelled leucine, alanine, proline and methionine. The uptake was found to occur via a 
mediated process alongwith the involvement of a diffusion component, possibly in presence of 
y-glutamyl transpeptidase. The transport loci revealed differences in carrier-affinity (KJ 
and maximum uptake velocity (V^^J for amino acids which may be due to multiple trans-
port molecules. It has also been suggested by the authors (loc cit.) that the uptake of 
labelled amino acids in the presence of increasing concentration of their unlabelled 
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homologous indicates the involvement of a carrier. 
The foregoing literature reveals that the tegument of platyhelminths are metabolically 
very active playing an important role in the uptake of nutrients as well as maintaining a 
physiologically dynamic state for absorptive and secretory functions. Although the reports 
of amino acid uptake across the tegument in trematodes are available but most of these 
studies are confined to only few studies and almost nothing is known about the amphistomes. 
Aim of the present study was to investigate the amino acid transport mechanism in G. 
explanatum and G. crumenifer inhabiting two different habitats inorder to see the differ-
ences which might exist as a result of biochemical adaptations in the mode of nutrition. 
Excretory/Secretory (ES) and Somatic Antigens : 
Parasitic helminths include a number of medically and economically important nema-
todes, trematodes and cestodes which are multicellular organisms with a complex life 
cycle. In their mammaUan hosts these parasites may undergo changes in structure and behav-
iour, often including migratory behaviour through the host body fluids and tissues.They 
cause not only severe pathological damage but they are also responsible for morbidity and 
mortality of man and his domesticated animals. The diagnosis, control and eradication of 
parasitic infections have been an open challenge to the scientists for a long time. Every 
possible avenue has been explored to achieve the goal and even now this endeavour is 
still going on. Several biochemical and immunological studies pertaining to somatic and 
ES antigens are in progress to achieve the target. 
Immunodiagnostic and immunoprotection studies basically require the 
isolation, purification and characterization of parasite antigens. Three types of 
parasite antigens have been examined: the surface, the excretory/secretory (ES) and so-
matic antigens. In addition, the cyst fluid of larval cestodes has also been considered as 
a fourth antigenic compartment (Chowdhury & Tada, 1994). An insight of individual 
antigens, their abundance, non-crossreactivity with other parasites and 
immunogenicity is prerequisite for devising a proper immunodiagnostic method. 
The available literature on purification, characterization, immunodiagnosis and 
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immunoprotect!on studies reveals that somatic as well as ES products of adult parasites 
have been widely used as target antigens (Murrell & Clay, 1972; Murrell et al. 1974; Lang 
& Hall, 1977; Howell & Sandeman, 1979; Rajasekariah et al. 1979; Sandeman & Howell, 
1981; Lightowlers & Rickard, 1988; Marrero et al. 1988; Lodes & Yoshino, 1989; War-
ren, 1993 ). Attention has also been paid on a number of larval stages for the purpose of 
vaccination by exploiting antigens released in vitro (Drageneva, 1972; Davies et al. 
1979; Howell, 1979; Atkinson & Atkinson, 1982; Yuckenberg etal. 1987; Doenhoffef a/. 
1988; Dunn & Yoshino, 1988, Connors & Yoshino, 1990; Lodes et al. 1991; Noda, 1992; 
LokQt etal. 1992; Yoshino etal. 1993; Ooha etal. 1996), 
The complexity of the parasites and their life cycles are reflected in the variety of 
molecules excreted or secreted (ES) by the viable parasites into their hosts (Stirewalt, 
1963). Several terms like metabolic antigen, exoantigens, excretory/secretory products or 
'in vitro released' antigens (Anders et al., 1982) have been used to describe materials 
collected from helminths in vitro and shown to be produced or assumed to be produced in 
vivo. Investigations into the source of antigenic or immunoregulatory ES products have 
also identified the cuticular and tegumental surfaces of some nematodes and trematodes 
respectively as being important sources of ES products. The active shedding of surface 
antigens may also serve as an important source of parasite antigens to provoke immune 
response. The ES products of both trematodes and nematodes may also contain materi-
als shed from the parasite surface as reported earlier (Lightowlers & Rickard, 1988). 
The ES products are known to frequently modulate the immune responses of the host and 
provide antigenic stimulation leading to host protective immune responses, which are 
expressed as either in the death or expulsion of the parasites or the development of 
concomittant immunity. Alternatively the ES products may allow the parasite to avoid the 
effects of host immune responses. Thus the ES products of helminths could be valuable 
source of antigens for the immunodiagnosis and vaccination against helminth infection. Various 
studies have been carried out with crude or partially purified ES antigens for the serodiagnosis 
of fascioliasis in both experimental models (rabbits) and natural hosts (sheep, cattle). 
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Murrell et al. (1974) purified the ES products of S. mansoni by employing Sephadex G-
200 column chromatography and the fractions obtained were characterized by disc 
polyacrylamide gel electrophoresis and immunoelectrophoresis. The gel filtration re-
vealed three fractions of ES products, fraction FI being a glycoprotein in nature, also 
evident in disc gel electrophoresis which revealed 15 protein components, many with 
carbohydrate moieties. Further, the antigenicity of each fraction was monitored by 
immunoelectrophoresis using ES hyperimmune rabbit sera which detected 6 antigens 
mostly in fraction F2. In later studies Marreroe/a/. (1988) purified the ES products of 
Fasciola hepatica using Sephadex G-75 which revealed two main peaks. The purified 
fractions were characterized by SDS-PAGE and ELISA. Analysis of PAGE revealed 
that the protein components of first peak separated in three molecular weight range: high 
molecular weight components of 150-160 kDa; medium size polypeptides of 25-48 kDa 
and low molecular weight protein of 12-14 kDa while peak II contained only low 
molecular weight (12 kDa) polypeptides. Marrero et al. (1988) further evaluated the 
immunogenicity of each fraction by ELISA using experimentally infected rabbit sera which 
recognized 150-160 kDa protein as highly reactive antigen with sera from early fascioliasis 
while polypeptides in the molecular weight range of 25-30 kDa were recognized by EITB 
(enzyme immunotransfer blot) using sera obtained from acute as well as chronic fascioliasis. 
In another study, Lehner & Sewell (1980) fractionated ES antigens of i^  /lepa^ca by 
Sephadex G-200 and obtained two major peaks which were then evaluated for 
immunogenicity which revealed that the antigenic activity of purified fractions was domi-
nant mainly in the higher molecular weight fraction, when reacted with the sera of 
infected sheep, rats and rabbits. It was further noticed that sheep and rabbit sera also 
reacted with low molecular weight components while rat serum reacted only with high 
molecular weight fractions. Evaluation of somatic and ES antigens, using sera from 
experimentally infected rabbits and naturally infected bovines revealed that antibod-
ies to ES antigen fractions were detected earlier in infection as compared to somatic 
antigens (Lehner & Sewell, 1980). In later studies Pfister et al. (1984) evaluated 3 
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somatic and 3 ES antigen preparation^^usi'ng^era^rom eijcperimentally infected rabbits and 
naturally infected bovines. Further, Santiago et al. (1986) reported that crude 7^  hepatica 
ES products, when tested by ELISA had a high reactivity with the sera from rabbits with 
acute fascioliasis. 
A significant degree of protection against infection of Fasciola in mice has been 
observed using ES products obtained from 16 day old flukes (Lang & Dennis, 1976, Lang 
& Hall, 1977 ). Contrary to this, ES products obtained from newly excysted 
metacercariae failed to induce any protection in rats (Davies e^  a/. 1979) which may be due 
to the fact that newly excysted metacercariae do not produce adult type tegumental and caecal 
secretory bodies during cultivation while 16 day old worms presumably would be pro-
ducing'adult'ES antigens (Davies, 1978, Davies & Smyth, 1979). However, it has been 
suggested that adult F. hepatica ES products are similar to those produced by juvenuile 
flukes (Ruiz-Navarrette et al. 1993). 
Vaccination offers an attractive adjunct to existing helminth control measures based 
on chemotherapy. Interest in using ES antigens of parasites for vaccines arose primarily 
from the failure in many instances of killed parasites or parasite extracts to 
stimulate protective immunity in the host compared with the success of live vaccines, 
especially those using radiation-attenuated parasites. The first clear demonstration that 
the ES antigens of taeniid oncospheres are highly effective immunogens was recorded by 
Rickard &. Bell (1971a). Protective immunization using oncosphere ES antigens has 
now been demonstrated in many taeniid cestodes of sheep, cattle, rabbits and mice 
(reviewed by Williams, 1979, Lloyd, 1981, Rickard & Howell, 1982, Rickard & Williams, 
1982, Rickard, 1982,1983). In another study, Sandeman et al. (1980) failed in their 
attempts to immunize sheep against infection using ES antigen-antibody complexes 
where as Hall & Lang (1978) reported successful immunization of cattle against 
infection using ES antigens. Several studies clearly have shown that ES antigen 
collected during in vitro culture or incubation of various F. hepatica stages can be used 
to immunize rats against infection (Dragneva, 1972; Howell, 1979, Howell & Sandeman, 
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1979; Rajasekariah et al. 1979,). However, other workers have failed in their attempts to 
stimulate host protective immunity in rats (Davies et al. 1979, Lehner & Sewell, 1979, 
Rajasekariah et al. 1979, Burden et al. 1982). Rajasekariah et al. (1979) showed that ES 
antigens from juvenile fluke contained host protective antigens, whereas those from adult 
parasites did not. Howell & Sandeman (1979) incubated metacercariae in culture medium 
containing immune rat serum and used the antigen-antibody precipitates to successfully 
vaccinate rats against infection. 
However, studies on the use of ES antigens of schistomes for vaccination have not 
been very encouraging. A number of workers have reviewed studies on vaccination against 
schistosomiasis, like Smithers (1976), Clegg & Smith (1978), Taylor (1980), Dean (1983), 
Taylor & Bickle (1986) and James & Sher (1986). Murrell et al. (1975) and Minard et 
al. (1977) used cercarial ES antigen of 5'. mansoni to vaccinate mice and failed to stimu-
late significant protective immunity in all but one experiment, Sadun & Lin (1959) ob-
tained 20% protection against S. japonicum infection in mice using ES products of adult 
worms, while Murrell & Clay (1972) obtained 40% protection in mice vaccinated with 
adult worm incubate ofS. mansoni. Failure to produce any immunity using metabolic anti-
gens of S. mansoni to vaccinate mice has also been reported (Maddison et al. 1978). 
Parkhouse & Clark (1983) examined secreted and somatic antigens of T. spirallis infec-
tive larvae, adult males and new born larvae and concluded that secreted proteins were 
stage specific. Gamble (1985) suggested that a cocktail of adult antigens and ES antigens 
from muscle larvae could provide a potential vaccine for swine trichinosis. In a subse-
quent study, Gamble & Zarlenga (1986) showed that a mixture of muscle larvae ES antigen 
and adult worm extracts reduced the number of adult worms by 92%, new born larvae by 
71% and muscle larvae by 96% as compared with controls. Proudman and Trees 
(1996) evaluated the equine cestodiasis using ELISA, which revealed that the ES 
antigen gave a diagnostic sensitivity of 68% and a specificity in helminth naive 
horses of 95%. Further, they observed that the Western blot of tape worm 
positive and negative sera deteced 12 and 13 kDa immunoreactive proteins of 
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ES antigen. In another study Son et al. (1991) showed that the ES antigen of S. japonicum 
adult worm constituted complex antigenic components as revealed by SDS-PAGE profile. 
The reactivity of these antigens with the sera of schistosomiasis patients was monitored 
by ELISA which revealed that 62 and 155 kDa antigens were recognized by all the sera of 
patients in acute, chronic and advanced stages. It was also found that the sera of all these 
stages recognized 31-32 kDa antigens. Moreover, these antigens were not recognized by 
sera of uninfected persons and those infected with other parasites. It was therefore con-
cluded that 62, 155 and 31-32 kDa antigens of adult ES antigens had potential values for 
the diagnosis ofS. japonicum (Son et al. 1991). 
The metabolic antigens of i^  hepatica have also been shown to be of potential use 
for immunodiagnosis. Cuperlovic and Lalic (1972) used ES antigens for immunodiagnosis 
of fascioliasis in rabbits and they were able to detect the infection before the appearance 
of clinical sign and the detection of eggs in faeces. Exposure of rats to ES products of 
immature F. hepatica conferred a significant degree of resistance which was comparable 
to the level of resistance induced following oral administration of a low number of 
metacercariae. However, no protection against infection was seen in rats injected with ES 
products from mature worm derived from bile duct. It was concluded that 'host protec-
tive antigens' at least for rats, were present in the ES products of immature F. hepatica 
larvae (Rajasekariahe/a/. 1979). Lang & Hall ( 1977) have demonstrated a significant 
degree of protection against oral challenge with F hepatica metacercariae in mice 
using in vitro culture fluids from incubated immature (16-day old) worms. In addition to 
this, implanting the immature (4 week old) worms subcutaneously, Rajasekariah and Howell 
(1978a) also showed a significant degree of resistance to F. hepatica in rats. These obser-
vations suggest that immature worms contain and release antigens which induce host pro-
tective immunity. The ES antigens of parasitic helminths are of considerable interest be-
cause, in several cases, they have been shown to stimulate host protective immunity (Clegg 
& Smith, 1978). Kusel et al. (1975) labelled ES antigen of S. mansoni with ^H-leucine 
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and '^'I and found, that worms liberated particulate material and soluble proteins 
into the culture medium. Electrophoretic and immunoprecipitation studies detected seven 
antigens that reacted with immune serum but other apparently non-antigenic products were 
also detected. Both silver staining and fluorography of SDS-PAGE separated ES products 
consisting of a wide variety of polypeptides in the molecular weight range of 13 to >200 
kDa while the metabolic labelling with ^^S-methionine followed by SDS-PAGE and 
autoradiography or fluorography revealed a variety of newly synthesized methionine con-
taining protein ranging from 12 to >200 kDa (Lodes & Yoshino, 1989). The functional 
role of secretory protein produced by early schistosome larvae is still poorly understood. 
ES proteins released during miracidial transformation and by later developmental stages 
within the snail host may include a variety of histolytic enzymes that may function in the 
breakdown of host tissues (Krupa & Bogitsh, 1972, Asch & Dresden, 1979, Smyth & 
Halton, 1983). Pino-Heiss et al. (1985) showed that transforming miracidia rapidly re-
lease proteolytic enzymes, possibly including acidic cysteinyl proteinases that may be 
involved in the degradation of snail tissue during penetration. ES products obtained from 
daughter sporocyst also cause a significant reduction in both polysaccharide and 
galactogen synthesis in the albumen gland. 
There is a great deal of interest in the ability of parasite products to subvert the 
function of their host's immune system (Ljungstrom, 1980, Oldham, 1985, Prichard et al. 
1994,). Goose (1978) first suggested that F. hepatica ES products were toxic to rat 
lymphocytes, while Poitou et al. (1992) found that F. hepatica produces substances which 
have immunostimulatory effects on rat lymphocytes. The ES products from primary 
sporocysts of S. mansoni have been implicated in the interference of host immune recog-
nition or effector function (Lie, 1982, vander Knaap & Loker, 1990, Bayne & Yoshino, 
1989) with the host hemocyte serving as possible target (Lie et al. 1981, Loker & Bayne, 
1986, Connors & Yoshino, 1990, Fryer & Bayne, 1990). The sporocyst metabolic anti-
gens of >30 kDa were found to be responsible for most of the hemocyte stimulating 
activity (Lodes & Yoshino, 1989). ES products are imporant in the establishment of larval 
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infections in the snails by facilitating invasion, maintaining parasite growth and by inter-
fering with cell mediated immune function of the host (Lodes & Yoshino, 1989, Bayne & 
Yoshino, 1989, vanderKnaap & Loker, 1990).The ES products ofE. paraensei have been 
shown to interfere with the defence system of 5. glabrata (Noda, 1992, Loker, Cimino & 
Hertel,1992). Mellink, et al. (1986) demonstrated by immunocytochemical study that T. 
ocellata, released substances in the snail host L. stagnalis which bind to host hemocytes. 
In a more recent study, ES products obtained from T. ocellata revelaed two main fractions 
with a low (2 kDa) and a high molecular weight (40 kDa) fraction which varied in the 
transforming miracidia and mother sporocysts (Nunez et al. 1997). Analysis of the two 
fractions revealed that the low molecular weight fraction activated hemocyte activity and 
thus T. ocellata modulated the internal defence system of Z. stagnalis by actively inter-
fering with hemocyte function. 
Among the trematodes, the secretions of the apical and lateral penetration glands in 
schistosome miracidia have been the subject of extensive study (Hang, et al. 1974; Bogitsh & 
Carter, 1975, reviews by Warren, 1982 and Smithers & Doenhoff, 1982). In addition 
to being involved in the induction of immunopathology, these antigens have also been 
useful in serodiagnosis of schistosomiasis. The preacetabular gland products of schistosome 
cercariae which are involved in skin penetration by the parasites have also been identi-
fied as being the source of ES products which are found to be antigenic in infected hosts 
(Stirewalt, 1974; Minard, et al. 1977, Pino-Heiss et al., 1986). Unequivocal evidence is 
available for the interaction between ES products derived from the gut of trematodes and 
the host's immune system. Two antigens derived from the gut of Schistosoma mansoni 
found in the circulation of infected hosts have been described by Decider et al, (1976; 
1978; 1980a; 1980b). The products released from the gut of the schistosomes are not only 
antigenic in infected hosts, but they are also implicated in immune complex associated 
immunopathology of the kidney (Decider et al. 1978, Nash, 1982) and modulation of the 
expression of host cellular responses (Mazingue et al. 1980). Antigenic epitopes present 
in ES products of i^  hepatica which are secreted through the surface tegument have also 
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been detected in the glycocalyx of the gut cells in both juvenile and adult flukes (Hanna & 
Trudgett, 1983). Molecules derived from the tegument or cuticle of helminths may make a 
substantial contribution to the contents of ES products of the parasites maintained in vitro 
and are probably also shed in vivo (Lightowlers & Rickard, 1988). The contribution of 
molecules derived from the surface of helminths to ES products is more clearly defined 
for some species of trematode and nematode parasites (reviewed by Maizels et al. 1982 
and Philipp & Rumjaneck, 1984). Shedding of surface antigens may also be involved in 
immune evasion by F. hepatica. It has been observed that the juvenile F. hepatica be-
comes coated with IgG when incubated in vitro with immune sheep serum (Hanna, 1980a). 
The author (loc.cit) suggested that this is a strategy by which the parasite, especially 
juvenile flukes, can evade the host's aggressive immune attack. Further, the occurrence of 
large stores of the T^  bodies in the tegumental cells of metacercariae may be a pre-
adaptation enabling the juveniles to avoid immune responses in a previously sensitized 
host. The ES products of .S". mansoni schistosomula have also been described as having 
immunostimulatory effects on lymphocytes (Auriault et ah, 1984). Other effects on host 
lymphocytes such as the toxicity of i^  hepatica caecal contents for host lymphocytes 
(Goose, 1978) may also contribute to the evasion strategies. Peptides released after the 
hydrolysis of IgG by S. mansoni proteases secreted from eggs are also thought to have a 
role in modulating granuloma formation around entrapped eggs (Himmi et al. 1985). Evi-
dence for the vital role played by egg ES products in eliciting granuloma formation has 
been reviewed extensively (see Smithers & Doenhoff, 1982; Warren, 1978, 1982a). 
The ES products of helminths exert a spectrum of influences on the immune responses 
of their mammalian hosts, like the induction of host-protective immunity and also pro-
vide mechanisms to the parasites by which they evade the host's immune responses. 
Zimmerman et al. (1983) found that F. hepatica was capable of modulating the host 
immune response in sheep. The relative simplicity of the composition of ES products com-
pared with worm somatic extracts has assisted in the development of tests for the specific 
serological diagnosis of several helminth species and in the identification of host-
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protective antigens in vaccination studies: where helminth ES products have been identi-
fied as being applicable to specific diagnosis of infection or vaccination against infec-
tion. 
Recent evidence in trematode and nematode parasites has indicated that the surface 
is a dynamic structure and surface antigens are actively shed from the parasites. Shedding 
of surface moleclues may in some circumstances serve to remove antibody, complement 
components and adherent host cells from the parasite. It also has the potential to make 
surface immunogens available in a form suitable for uptake by antigen-presenting cells 
which together with the subsequent stimulation of specific T-helper cells, is required for 
the induction of IgG, IgA and IgE antibody and cell-mediated immune responses. In this 
way the active shedding of surface molecules could lead to the generation of host-protec-
tive immune responses including antibody dependent cell-mediated cytotoxicity. It is im-
portant to note that the material released from parasites in vitro as well as designated ES 
products may include components which would not be normally released from viable para-
sites in vivo but are produced in vitro because of the unnatural physiological condition 
in which the parasites are maintained. Similarly, materials collected from cultures which 
include dead or dying parasites may include somatic components arising from autolysis. 
Techniques such as immunochemical localization of specific parasitic antigens in situ, 
particularly when using monoclonal antibodies will assist in establishing the active ex-
cretion or secretion of specific parasite products in vivo. 
An extract of the surface tegument was shown to be highly species specific and gave 
a satisfactory result for the diagnosis of opisthorchiasis (Poopyruchpong et al. 1990). 
The antigens of this liver fluke have been chatacterized by monoclonal antibodies. Choi 
et al. (1986) fractionated crude antigens o{Paragonimus westermani by Sephadex G-200 
column chromatography into three fractions of different molecular weight. Each of these 
fraction exhibited high reactivity against the sera of infected cats. Among the trematodes 
S. mansoni has been extensively studied for the development of an effective vaccine 
involving a range of experimental systems resulting in the identification of a variety of 
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antigens (Curtis et ah, 1996). These antigens include a 28 kDa glutathione S-transferase 
(Capron, et al. 1992), a 28 kDa triose phosphate isomerase (Shoemaker, et al. 1992) and 
a 37 kDa glycerol phosphate dehydrogenase (Goudon-Crozel, et al. 1989). In addition, 
Ruppel, et al. (1985) analysed the polypeptides of adult S. mansoni for their 
immunodiagnostic potential for schistosomiasis. A 31 kDa polypeptide reacted with all 
the schistosomiasis sera and several sera of suspected schistosomiasis cases as deter-
mined by western blotting. Indrawati, et al. (1991) have also studied the antigenic 
polypeptides of the trematode parasite P. westermani using Sephadex G-200 column chro-
matography and western blotting. These workers identified a 35 kDa antigen which showed 
100% sensitivity and specificity for the detection of paragonimiasis. A somatic and a 
metabolic antigen obtained from adult F. hepatica were evaluated for the diagnosis of 
fascioliasis using indirect haemagglutination, double immunodiffusion (DID), counter-
immunoelectrophoresis, thin layer immuno assay (TIA) and intradermal test (ID) and the 
sensitivity and specificity of each test were assessed using 30 naturally infected and 26 
unifected cattle. Using somatic and metabolic antigens, TIA and ID showed the highest 
sensitivity while TIA and DID revealed the highest specificity (Arriaga De Morilla, et 
al. 1983). These authors suggested that TIA and ID are the most suitable immunodiagnostic 
tests for bovine fascioliasis. Kim et al. (1983) purified the whole worm (WW), excr€^ 
tory/secretory (ES) and ES free, somatic extracts (SE) of P. westermani which were 
obtained from experimentally infected dogs. The sephadex G-200 filtration produced 3 
WW, 2ES and 33 SE fractions. The micro-ELISA using positive human sera revealed that 
the first ES and WW fractions were highely antigenic. 
In a later study, Kim et al. (1988) reported that a crude extract of 13-week old P. 
westermani was resolved into 6 major and 9 minor protein bands by SDS-PAGE. 
Immunoblotting of these antigens with sera obtained from confirmed human Paragonimus 
cases showed reactions with the 23, 30 and 46 kDa fractions. The 30 kDa frac-
tion appeared to be the most antigenic. Pietron et al. (1988) purified F. hepatica soluble 
protein extracts on Sephadex G-25 and then fractionated by -, electrophoresis and 
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identified 26 protein bands for F. hepatica obtained from both cattle and sheep. In a recent 
study Ossman et al. (1992) fractionated Fasciola somatic antigens by column chromatog-
raphy and the resulting four peaks were evaluated separately using IgG and IgM for the 
diagnosis of fascioliasis. It was concluded that fraction I in IgG ELISA was the best for 
diagnosis of chronic cases and fraction I by the IgM was the best for acute infection. Itoh 
et al. (1988) investigated the antigens suitable for immunodiagnosis of S. japonicum in-
fection in mice by using immunoblot technique.The immunoblot results revealed 4 anti-
gens with MW of 32 , 70, 76 and 95 kDa. Antibody to the 32k Da antigen was first de-
tected 5 weeks p.i. sera. This antigen was proposed to be the most useful for 
immunodiagnosis of the disease. The soluble adult worm antigen of 5'. mansoni was 
fractionated by fast protein liquid chromatography (FPLC) system using Q-sepharose anion-
exchange resin, in order to characterize antigenic fractions that may elicit cell responses 
in human schistosomiasis (Hirsch and Goes, 1996). These authors observed that the 
SDS-PAGE separated fractions from I to IV, were constituted by multiple protein bands 
in the MW range of 21 to 200 kDa while fractions V and VI were constituted by large 
amounts of nucleic acids. Further, ELIS A revealed that sera from chronic schistosomiasis 
patients contained antibodies that recognized antigens in practically all fractions. Proudman 
and Trees (1996) characterized the whole worm extract (WWE) and ES antigens of 
Anoplocephala perfoliata by SDS-PAGE and used for the evaluation of equine cestodiasis. 
Curtis, etal. (1996) demonstrated a single immunoprecipitin arc in immunoelctrophoresis 
and immunodiffusion when the eggs and adult worm extracts of S. mansoni antigens were 
allowed to react with the antisera of these antigens, raised in rabbit. The antisera con-
ferred partial but significant protection (22-30%) against a S. mansoni challenge when 
transferred to mice five and six days after the mice had been infected percutaneously with 
200 cercariae. 
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Copro Antigen: 
Immunodiagnostic studies have been focussed mainly on the evaluation of three types 
of parasite antigens, the surface antigens, somatic anrigens and ES antigens. Little atten-
tion has been paid on the use of copro antigens for the diagnosis of various parasitic 
infections. However, in the past decade, there is wealth of information on the coprological 
diagnosis of many cestodes and nematodes infection using various types of techniques. 
Unfortunately there is no previous report on the use of copro antigen for the diagnosis of 
amphistomiasis prevalent in our livestocks. Keeping in view the importance of copro 
antigens for the diagnosis of infections, the present study was undertaken to find out the 
feasibility of coprodiagnosis for amphistomiasis. The applicability of coprodiagnosis for 
amphistomiasis also becomes important because of the seasonal modulation of the egg 
production of amphistomes (Hanna et al. 1988) which poses problem particularly in the 
diagnosis of infection during the non-reproductive phase, because the only diagnostic tool 
available so far is the examination of faeces for the presence of eggs^ therefore, it is 
not possible to positively diagnose amphistome infection in the non-reproductive phase. 
Alternatively, the detection of species-specific coproantigens have been 
used by many workers for the coprodiagnosis of canine echinococcosis (reviewed by Craig 
et al. 1996). The detection of parasite specific coproantigens in the faeces of infected 
hosts have been used for the diagnosis of taeniasis and echinococcosis by many workers 
in the last several years and have given encouraging results (Allan et al. 1992, Craig et 
al. 1996, Malgor et al. 1997, Ahmad & Nizami, 1998). 
In the last two decades, immunological techniques relying on the detection of parasite 
specific antigen in faeces of the infected host have been used for the diagnosis a 
variety of intestinal protozoa, bacterial, viral and helminthic infections (Yolken, et al. 
\911, Ellens & de Leeuw, 1977, Jackson, etal. 1985, Green, 1986, Grundy, 1982, Grundy 
et al. 1987, Baumann & Gottstein, 1987). The diagnosis of intestinal cestode infection by 
detecting the parasite specific antigens in faeces,was first reported by Babos & Nemeth 
(1962) who found that a double difftision assay based on hyperimmune rabbit serum raised 
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against hydatid cyst fluid, detected coproantigens of £. granulosus. Further, these anti-
gens were found even before the infection became patent, but the test cross reacted with 
samples from Taenia infected animals. Later on Flisser (1985) suggested the possible 
application of coprodiagnosis to detect the human taeniasis where the parasite specific 
antigens such as excretory-secretory (ES) products would probably be present in the fae-
ces despite the absence of eggs. A number of studies have been carried out on the detec-
tion of cestode antigens in the faeces of infected rodents, dogs and humans by double 
immunodiffusion, RIA and ELISA even before the prepatent period or in absence of eggs 
in faeces (Machnicka & Krawckzuk, 1988, Allan & Craig, 1989, Allan et al. 1990, 
Deplazes et al. 1990, 1991). Coproantigen detection by ELISA offers a reliable and sen-
sitive alternative to arecoline purgation (PAHO, 1994) used in the diagnosis of 
echinococcosis. Current coproantigen tests, based on polyclonal anti-somatic or anti-ES 
adult E. granulosus antibodies are about 97% specific and 98% sensitive when worm 
burdens or purge counts are >50 worms and is applicable to 5% formalin fixed stools 
{AWmetal. 1992, Deplazes ^^  a/. 1992, Craig et al. 1995). 
Allan and Craig (1989) developed an antigen capture enzyme linked immunosorbent 
assay (ELISA) for the detection of Hymenolepis diminuta coproantigens in detergent 
solubilized faecal supernatants. The assay was sensitive to 400 ng o^H. diminuta protein/ 
ml faecal supernatant and to 30 ng/ml in phosphate buffered saline containing Tween, 
Further, Allan & Craig (1989) observed that the faecal supernatants prepared from the 
heterologous infected rodents indicated a degree of cross reactivity between//, diminuta 
infected group and the groups infected with other cestodes. However, this cross reactivity 
was partial when observed among the various Hymenolepis species. Thus, the possibility 
of using similar techniques in the diagnosis of adult cestodes of man and animals such as 
human taeniasis and canine echinococcosis has been suggested. In addition to this Allan et 
al. (1990) developed coprodiagnostic tests for taenia species faecal antigens based on 
polyclonal rabbit antisera against Taenia saginata or T. solium proglottid extracts in 
capture ELISA. Considerably higher O.D. values were obtained with stool samples from 
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a Taenia patient compared to Hymenolepis infected individuals. The coproantigen tests 
using faecal samples from patient positive for taeniid eggs showed a high degree of cross 
reactivity between T. saginata carriers and those with T. solium infections. However, no 
cross reactivity was observed with faecal samples from H. nana infected individuals. 
Thus, this coproantigen test is genus specific but not species specific. Deplazes et al. 
(1992) developed an ELISA for the detection of Echinococcus coproantigens for dogs, 
dingoes and foxes infected with either E. granulosus or E. multilocularis. The specificity 
of the assay was found to be 98% and the diagnostic sensitivity was dependent on worm 
burden. In addition to this, Allan et al. (1992) developed three types of ELISA assays, 
based on hyper immune rabbit serum raised against adult cestode somatic antigen, to study 
the detection of Taenia and Echinococcus specific antigens in host faeces. The first assay 
using an antiserum against T. pisiformis antigen extract was used in coprodiagnosis of T. 
pisiformis experimental infection in dogs which revealed more sensitivity than the 
microscopical detection of eggs in faeces. The second assay was developed for the detec-
tion of human taeniasis using antibodies raised against T. solium, which was applied in 
the field trial in China and Guatemala. It was observed that the test was very specific and 
no false positive reactions were noticed. While the third assay designed by Allan et al. 
(1992) was applied for the coprodiagnosis of E. granulosus in dogs with 87.5% and 
96.5% sensitivity and specificity, respectively, with samples from naturally and experi-
mentally infected dogs with E. granulosus or Taenia infections. Allan & Craig (1994) 
have developed a number of antigens by Western blotting. The molecular weight of these 
coproantigens of H. diminuta found to be 27, 37, 50 and 69 kDa. A low molecular weight 
smear at around 30-34 kDa was also observed in the faeces of H. diminuta 
infected rats. In the faecal samples of infected dogs. The overall specificity of this 
test was 97% and its sensitivity was in close association to the worm burden of 
the infected individuals. It was observed that when dogs harboured less than 100 
worms, 6 out of 21 samples (29%)) were found to be positive in coproantigen 
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ELISA, whereas sensitivity was much higher (92%) when dogs had more than 100 worms. 
Contrary to this report Allan & Craig (1994) demonstrated that the coproantigen level is 
independent of the worm burden. Recently, Craig et al. (1995) made a comparison of 
coproantigen test with serum antibody detection and it was indicated that coproantigen 
detection is 2.5 times more sensitive than serology. Furthermore, some Japanese workers 
developed coprodiagnostic tests for the detection of E. multilocularis in the definitive 
host (Sakashita et al. 1995, Sakai et al. 1995). These workers observed that the 
coproantigen assays were more sensitive than the conventional parasitological assays. 
Very recently, Malgor et al. (1997) used a monoclonal antibody based ELISA to detect the 
coproantigens in dogs experimentally and naturally infected with E. granulosus. These 
workers confirmed that the coprological detection of E. granulosus antigens is a useful 
and reliable alternative to parasitological examination in the infected dog populations. 
MATERIALS AND METHODS 
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MATERIALS AND METHODS 
During the course of present investigation a number of studies pertaining to 
behavioural, pathophysiological, biochemical and immunological aspects of amphistome 
parasites, have been carried out. The adult parasites infecting the gastrointestinal tract of 
ruminants and the larval stages from the intermediate hosts, the gastropod molluscs, were used 
in the present study. Besides this the infected and non-infected snail tissues have also been 
used. The details of the methodology used in the present study are as follows: 
1. COLLECTION OF SNAILS: 
(a) Sampling Procedure: For the collection of snails, appropriate scoop net of metal frame 
(31x29 cm) and wire netting with a mesh of 15 in a linear inch was used. The depth of the scoop 
was 15 cm and it possessed a wooden handle of reasonable length. Rubber gloves and gum 
boots were also used during snail collection. The scoopnet was passed through water several 
times and considerable number of snails were collecetd. Among various species of the snails 
available at the collection site, only Gyraulus convexiusculus was collected and kept in a broad 
plastic container while other species were discarded. The snails were brought to the laboratory, 
washed with tap water and kept in a glass beaker alongwith grass blades. The G. convexiusculus 
were then examined under microscope at low magnification to observe larval infections of 
amphistomes. The identified infected and non-infected snails were separately kept in aquaria. 
The aquaria were aerated by small electrical air pumps while temperature (28° C) of the water 
was regulated by a submerged electrical heater, especially during winter. Porous stone air 
breakers were placed on the ends of air hoses to produce a steady stream of small air bubbles. 
The snails feed consisted of mainly Spinacia oleracea (Palak leaves)and radish leaves. 
Vegetations obtained from the natural habitat were also ueed as snail food. 
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(b) Isolation of Infected and Non-infected Snail Tissues: In order to perform 
pathophysiological and biochemical studies, infected and non infected snails were kept 
separately in cavity blocks containing ice cold saline. Their shells were broken with the help 
of a fine needle and pointed forceps to obtain digestive gland as well as head and foot 
tissues. The tissue samples were quickly transferred in eppendorf and kept at -20°C for further 
study. 
COLLECTION OF ADULT AMPHISTOME PARASITES: 
Mature amphistome parasites, Gastrothylax crumenifer and Gigantocotyle explanatum 
infecting the rumen and liver respectively, were collected form Indian water buffaloes (Bubalus 
bubalis) slaughtered at Aligarh abbatoir. The worms were brought to the laboratory 
expeditiously, washed with Hanks' balanced salt saline (HBSS) without glucose premaintained 
at 31±TC and afterwards worms were kept at -20° C until used. 
COLLECTION OF DEVELOPMENTAL STAGES OF GASTROTHYLAX CRUMENIFER-. 
A number of developmental stages oi G. crumenifer, like cercariaeand metacercariae 
(Figure 6) were collected from intermediate molluscan host Gyraulus convexiusculus while 
adult parasites were obtained from the definitive host Bubalus bubalis, for the present study. 
(a) Collection of Eggs: To obtain G. crumenifer eggs, mature worms were incubated in 
Hanks' medium without glucose premaintained at 37± 2°C, in a metabolic shaker for a period 
of 12 h. The medium was changed at a regular interval of 4 h to avoid turbidity and toxicity due 
to the release of excretory/secretory products. After 12 h of incubation in HBSS, parasites 
were removed and the eggs thus released in the incubate were collected and washed thoroughly 
with tap water and finally rinsed in distilled water. The freshly laid eggs settled at the bottom 
of incubation flask were stored quickly at -20°C for further studies. 
Figure 6: Larval stages of Gastrothylax crumenifer. 
a : Fresh eggs (zero day eggs) 
b : Eggs containing mature miracidia (Em) 
c-d : Cercariae 
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(b) Collection of Miracidia: In order to collect miracidia, the eggs obtained from adult G. 
crumenifer were incubated in tap water at 28 ± 2°C in a 500 ml beaker. Progress in the process 
of embryonation was regularly monitored under a light microscope until the maturation of 
miracidia inside the eggs was completed. During the incubation, water was changed at an 
interval of 12 h with slight agitation which was found to be important for maturation of the 
organism inside the eggs. Finally, the mature miracidia were collected and stored as 
described above until used for biochemical studies. 
(c) Collection of Cercariae: The cercariae were collected from naturally infected gastropod 
G. convexiusculus obtained from local ponds during the month of July to September. The 
infected snails were kept in a glass beaker and observed for the emergence of mature 
cercariae. Soon after emergence, the G. crumenifer cercariae exhibited brisk movements in 
water, which were collected in an Eppendorf tube with the help of a pasteur pipette. The 
cercariae of G. crumenifer were collected and the excess water was removed by spinning the 
Eppendorf and the cercariae were kept at -20°C for further study. 
(d) Collection of Metacercariae: To collect metacercariae, naturally infected G. 
convexiusculus, were allowed to shed cercariae in a small inert plastic container. The 
mature cercariae which encysted on the grass blades as well as on the walls of the container 
were detached with the help of a small brush by applying gentle pressure. Finally the 
metacercariae were collected in an eppendorf and stored at -20° C until further use. 
BEHAVIOURAL STUDIES: 
To observe the behavioural responses of larval amphistomes to light, vegetation and 
various chemicals, a number of experiments were performed according to following 
experimental protocols: 
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(a) Chemical Preference by Miracidia: To carry out chemical preference experiment, agar 
(0.9%, w/v) blocks of 7 x 5 x 4 mm size, impregnated with different chemicals and tissue 
homogenates of some uninfected snail spp. of the same colony (prevalent in Aligarh ) were 
used for this study. Agar with test chemicals and tissue homogenates (Table, 1) was poured 
into petri dishes (6 cm in diameter x 1.5 cm depth) separately, and blocks of 7 x 5 x 4 mm size 
were cut for individual tests. Preference for each chemical/tissue by miracidia was observed by 
introducing agar blocks containing test chemical in a petridish filled with 25 ml distilled water. 
In each petridish, approximately 25 to 30 miracidia were added and allowed for a short 
period of time inorder to acclimatize and to establish a uniform swimming behaviour. 
Following this, an agar block containing the test chemical was placed at the centre of petridish 
and observations were recorded for 15 minutes. Various swimming responses of miracidia in 
presence of a number of test chemicals as well as tissue homogenates of snails were recorded 
for further analysis. Total contact/return numbers of miracidia to individual test agar blocks 
as well as control agar blocks, (without any test chemical) or snail tissue homogenate, were 
also recorded. 
Table 1: Varying concentrations of chemicals/snail tissue homogenates impregnated agar 
blocks. 
S.No. 
1. 
2. 
3. 
4. 
5. 
6. 
Chemicals/Tissue homogenates 
Aspartic Acid 
Alanine 
Arginine 
Glucose 
Valeric Acid 
Lactic Acid 
Concentration 
1.0 mM 
1.0 mM 
1.0 mM 
5.0 mM 
5.0 mM 
5.0 mM 
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Tissue Homogenates of: 
7. Gyraulus convexiusculus 10% homogenate 
8. Indoplanorhis exustus 10% homogenate 
9. Vivipara bengalensis 10% homogenate 
10. Lymnea luteola 10% homogenate 
(b) Colour Preference by Cercariae: To observe the colour preference-by cercariae, day 
light, red, green, yellow and black colours were selected. The cellophane sheets of different 
colours were cut to the size of the aquarium wall and pasted inside the walls. The three sides 
of the aquarium wall were occupied by red, green and yellow colours while the remaining one 
was without any colour sheet and was considered as day light (white light) colour. Bottom of 
the aquarium was already painted black on which a transparent cellophane sheet was pasted. 
The aquarium was filled with tap water and its temperature was maintained at 28°C with the 
help of a submerged electric heater. A total of 20 naturally infected G. convexiusculus snails 
were introduced in the middle of aquarium and allowed to shed cercariae, for a period of 24 
h, at a well illuminated place. Following emergence the mature cercariae attached to a 
surface before being transformed into metcercarial stage. The encysted metacercariae on the 
cellophane sheets were picked up with the help of a small brush, numbers of the 
metacercariae were counted and a record of preference for each colour was prepared. A 
total of eight replicates was performed for this experiment. 
(c) Vegetation Preference by Cercariae; In order to observe the vegetation preference by 
cercariae four different species of plants grown at the site of gastropod's natural habitat, 
were collected. In a small aquarium, (1) Water hyacynth (2) Grass blades (3) Pithophora sp. 
and (4) Cynodon dactylon were placed at four different corners. The aquarium was filled with 
tap water and temperature was maintained at 28° C. Naturally infected G. convexiusculus snails 
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were introduced in the aquarium for cercarial emergence for 24 h. After emergence the 
cercariae encysted on different vegetations according to their preference and transformed 
into metacercariae which were then detached as mentioned above and their numbers were 
recorded for further analysis. A total of six replicates was performed for this study. 
(d) In vitro Excystation of Metacercariae of G. crumenifer : The metacercariae of G. 
crtfw^w//^^ encysted on grass blades were picked up with the help of a small brush and used 
for in vitro excystation experiments by selecting a number of physiological parameters, 
e.g. pH, temperature, osmolarity, enzymes, natural biles etc. according to the following 
procedures: 
(i) Effect of pH on excystation: In order to determine the effect of pH on the excystation of 
metacercariae, 0.8% normal saline solutions with pH 2, 4, 6, 8 and 10 were prepared. 
Metacercariae were incubated at each pH in an injection vial in water bath premaintained at 
37°C with a shaking speed of 60 cycles/min for 12 h. A total of 20 metacercariae were used 
in each experiment. 
(ii) Effect of temperature on excystation: To work out suitable temperature for excystation, 
normal salines with pH 2, 4, 6, 8 and 10 were prepared. Metacercariae were incubated in each 
saline at 37°, 40°, and 45°C for 12 h in a shaking water bath maintained at 60 cycles/min. 
(ill) Effect of osmotic stress on excystation: Effect of osmotic stress on excystation was 
monitored by incubating the metacercariae in double distilled water(DDW), tap water and 
natural water (obtained from the snail's original habitat) at 37°C in a shaking water bath at 60 
cycles/min, for 12 h. 
(iv) Effect of pepsin on excystation: Different concentrations of pepsin (0.5, 0.75, 1.0 and 
1.5%) were prepared to observe the effects on excystation. Metacercariae were incubated in 
each concentration of the enzyme for a period of 20, 40 and 60 min as described earlier. A 
constant pH- 4.0 was maintained for each solution. 
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(v) Effect of sodium glycotaurocholate on excystation: Effect of sodium glycotaurocholate, 
a bile component, was monitored by preparing 50, 100, 200, 300, 400 and 500 mg/ml aqueous 
solution, with a constant pH 8.0. The metacercariae were incubated in each solution at 37''C 
for 12 h in a shaking device. 
(vi) Effect of bile on excystation: It is well established that bile actively participates in the 
excystation process in vivo. With this fact, biles from herbivore (buffalo) and carnivore (dog) 
animals were obtained and their effects were monitored at 37°C. To observe excystation, 
metacercariae were incubated in different concentrations (25, 50, 75 and 100%) of bile 
prepared in double distilled water. The incubation time for each treatment was 10 h. 
(vii) Effect of Na HCO3 on excystation: To observe the effect of NaHCOg, 0.5, 0.75, 1.0, 
1.5 and 2.0% (w/v) solutions were prepared in DDW. The metacercariae were incubated in 
each solution at a constant temperature of 37°C for 12 h as described earlier. 
BIOCHEMICAL AND PATHOPHYSIOLOGICAL STUDIES: 
For the biochemical and pathophysiological studies, a number of macro molecules like 
protein, glycogen, lipid, lipid fractions, RNA, DNA and some pathological marker enzymes 
like GOT (glutamate oxaloacetate transaminase), GPT (glutamate pyruvate transaminase), 
acid and alkaline phosphatases were estimated by standard spectrophotometric methods using 
Spectronic-1001 spectrophotometer (Milton Roy, U.S.A.). 
(a) Protein Estimation: Total protein was estimated by the dye binding method of Bradford 
(1976) as modified by Spector (1978). The dye reagent essentially consisting of Coomassie 
Brilliant Blue G-250 (0.01% w/v), Orthophosphoric acid (10% v/v) and 96% Ethanol (5% 
v/v). For standard protein assay, the bovine serum albumin (BSA) prepared in 0.1 NNaOH, was 
used as standard, and the protein content was measured in the linear range of 1.0 to 10 |xg/2.1 
ml of total assay volume at 595 nm. 
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(b) Extraction and Estimation of Glycogen: Glycogen was extracted and estimated by 
anthrone method of Roe and Dailey (1966). To extract the glycogen contents, tissue sample 
was digested in 3 ml of IN NaOH. The tubes containing NaOH solution plus tissue sample were 
placed in a boiling water bath for 30 min and shaken to disintegrate the tissues. After complete 
digestion, the tubes were brought to room temperature and 6 ml of IN perchloric acid was 
added and shaken vigorously. The tubes were then allowed to stand for 15 min. The contents 
of test tubes were centrifuged at 1500 x g for 10 min to settle the debris and precipitated 
proteins. Supernatant was collected and 5 ml of 95% ethanol containing 0.1% lithium chloride 
was added and mixed thoroughly. The tubes were allowed to stand overnight at room 
temperature for glycogen precipitation. The test tubes containing precipitated glycogen were 
centrifuged at 1500 x g for 10 min. The supernatant was discarded carefully and precipitate 
containing glycogen was collected and washed thrice with 95% ethanol containing 0 .1% 
lithium chloride. The washed glycogen was allowed to stand for few hours to evaporate 
ethanol and finally dissolved in known volume of double distilled water. 
(ii) Estimation of Glycogen: To estimate the glycogen contents, suitable aliquots were taken 
and 4 ml of Anthrone Reagent, containing 0.05% (w/v) anthrone, 3% (w/v) thiourea and 72% 
cone. H^SO ,^ was added. The tubes were then placed in a boiling water bath for 15 min and 
thereafter, cooled to room temperature and optical density (O.D.) was recorded against a 
blank devoid of tissue sample at 620 nm using Spectronic 1001 Spectrophotometer. Glycogen 
content was calculated with reference to a calibration curve of known amount of rabbit liver 
glycogen (Sigma Chemical Co., U.S.A.). 
(c) Extraction and Estimation of Total Lipids: 
(i) Extraction of total lipids: Total lipid content of the parasite tissue was extracted by 
the method of Folch et al. (1957). The tissue samples were homogenized in chloroform/ 
methanol (2:1) to a final dilution of 20 fold. The mixture was kept overnight at 4''C in a 
stoppered test tube. The contents were centrifuged at 400 x g for 15 min and the residue was 
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re-extracted in chloroform/methanol (2:1). Supernatants were pooled together in a stoppered 
test tube and 0.2 volumes of 0.88% KCl was added, mixed thoroughly and allowed to stand for 
some time to separate the mixture into two phases. Lower phase ontaining most of the lipids^ 
was collected. The chloroform was evaporated to dryness at 45°C. The dried lipid was 
dissolved in a known volume of chloroform and suitable aliquots were taken for the 
estimation of various lipid classes. 
(ii) Estimation of total lipids: The total extracted lipid was estimated by the method of 
Zollner and Krisch (1962). To the test tubes containing 1 ml of the extracted lipids, 4 ml of 
cone. H^SO^ was added and mixed carefully on a cyclomixer (Remi, India). The test tubes 
containing lipid contents were boiled for 10 min and then allowed to cool at room 
temperature. Sutiable aliquots from the test tubes were taken and 4 ml of Zollner reagent, 
containing 13 mM vanillin dissolved in 14 M orthophosphoric acid was added. A 
sample blank was also prepared simultaneously. Both test and control tubes were kept at room 
temperature for 30 min and thereafter read against the blank at 530 nm. The total lipids were 
calculated from a calibration curve prepared by using a standard lipid of known strength. 
(d) Estimation of Lipid Fractions: 
(I) Estimation of total cholesterol: Total cholesterol was estimated by the method of Sackett 
(1925). Suitable aliquots of lipid extracts were taken in stoppered test tube and 5 ml of 
chloroform was added and shaken vigorously for some times. To each tube 2 ml of ice cold 
acetic anhydride and cone. H^SO^ (2:1 v/v) was added and kept in the dark at room temperature 
for 15 min to develop colour which was read against sample blank, at 680 nm. The total 
cholesterol was calculated from a calibration curve prepared by using known amount of 
cholesterol. 
(II) Estimation of total free fatty acids: Total free fatty acids were detrmined by the method 
of Lowry and Tinsley (1976). Suitable aliquots of extracted lipids were taken in stoppered test 
tubes and evaporated to dryness. In each test tube 5 ml of benzene was added and shaken to 
( Ace. No ) /I 
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dissolve the dried residue. The mixture was warmed slightly and 1 ml of cupric acetate 
pyrimidine reagent (5% aqueous cupric acetate solution was filtered and pH 6.6 was adjusted 
with pyrimidine) was added subsequently. The tubes were shaken vigorously for 2 mim and 
then centrifuged at 5000 rpm for 5 min. Lower layer was discarded and the upper layer with 
blue colour was read against blank at 715 nm. 
(III) Estimation of total phospholipids: Total phospholipids were determined by 
estimating the phosphorus according to Rouser e^a/. (1970). The amount of phospholipid 
was calculated by multiplying the values of phospholipids found in the sample by 
a factor of 25 (Christie, 1982). 
(IV) Estimation of phosphorus: Phosphorus was estimated by the method of Rouser et al. 
(1970). The samples were prepared as follows: 0,1 ml cone. H^SO^ was added to the samples 
which were kept in a boiling water bath for 2 min and then cooled to room temperature. To each 
test tube 0.05 ml of 70% perchloric acid was added and the sample tubes were again kept in 
boiling water bath for 2 min. The tubes were cooled to room temperature and to each tube, 2 
ml DDW, 1 ml of 1% ammonium molybdate and 1 ml of freshly prepared 1% (w/v) ascorbic 
acid were added and mixed thoroughly. Finally, contents of the tubes were mixed and kept in 
water bath premaintained at 70''C for 10 min. Tubes were cooled and absorbance value was 
recorded at 820 nm. A standard curve was also prepared using KH^PO^ in the range of 
1 to 10 |j,g. Blank was run simultaneously. 
(e) Extraction and Estimation of Nucleic Acids: 
(i) Extraction and estimation of RNA: Total RNA was extracted and estimated by the 
method of Dische (1935). Tissue samples were homogenized in 3 ml of 0.5 N HCIO^ and 
transferred to stoppered test tubes. Afterwards the tubes were kept in a water bath premaintained 
at 90°C for 20 min and then cooled and centrifuged at 500 x g for 10 min. The supernatant was 
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transferred to another stoppered test tube and the final volume was made upto 10 ml with 0.5 
N HCIO .^ From this stock, 2 ml sample was taken and 4 ml of freshly prepared Orcinol reagent 
(19.466 mg FeCl,, 100 ml HCl and 3.5 ml of 6% Orcinol prepared in absolute ethanol) was 
added. The tubes were then kept in a boiling water bath at 100°C for 5 min and after cooling 
to room temperature, the colour was read at 665 nm against blank prepared simultaneously. 
The total RNA content was calculated by using previously prepared standard curve using 
purified RNA (Sigma Chemical Co., U.S.A.). 
(ii) Extraction and estimation of DNA: The total DNA content was estimated by the method 
of Giles andMyres (1965). The extraction procedure for DNA was same as RNA, given earlier. 
For estimation of DNA, suitable aliquots were taken in stoppered test tubes in which 4 ml of 
Burton's freshly prepared diphenylamine reagent (containing 1.5 g diphenylamine, 100 ml 
glacial acetic acid and 0.5 ml of 1.6% acetaldehyde solution) was added. The tubes were 
incubated overnight at 30*C. The colour was read against the blank at 600 nm. A standard curve 
was prepared for the calculation of total DNA content using purified DNA (Sigma Chemical 
Co., U.S.A.). 
PATHOPHYSIOLOGICAL STUDIES: 
In order to study the pathophysiological changes in Gyraulus convexiusculus during 
larval amphistome infections some pathological marker enzymes were assayed. 
I. Acid Phosphatase (EX.3.1.3.2): Enzyme activity of acid phosphatase was determined 
following the method as described by Bergmeyer et al. (1974). The assay mixture with a total 
volume of 1.1 ml contained 0.8 ml of 0.05 M acetate buffer, pH 5.0; 8 mM substrate (p-
nitrophenyl phosphate, Sigma Chemical Co., U.S. A.) and 0.3 ml of protein sample. The enzyme 
reaction was allowed for 30 min at 37°C and thereafter stopped by adding 0.02M NaOH. The 
liberated p-nitrophenyl was measured at 410 nm. Finally, the enzyme activity was calculated 
80 
with reference to a previously calibrated curve of known concentrations of p-nitrophenol 
(Sigma Chemical Co., U.S.A.). 
II. Alkaline Phosphatase (E.C.3.1.3.1): Alkaline phosphatase activity was assayed by the 
method as described by Bergmeyer et al. (1974). The assay mixture with total volume of 1.2 
ml, contained 1 ml of 0.05 M glycine-NaOH buffer, pH 9.5; 5mM enzyme substrate (p-
nitrophenyl phosphate) and 0.2 ml of enzyme preparation. The enzyme reaction was allowed 
for 30 min at 37°C and stopped by adding 0.02 M NaOH. The change in optical density was 
recorded at 410 nm. Calculation was made as mentioned for acid phosphatase. 
Enzyme Unit: Enzyme activities for both acid and alkaline phosphatase enzymes have been 
expressed as |Lig pnp liberated/mg protein/min. 
III. Glutamate Oxaloacetate Transaminase (GOT) and Glutamate Pyruvate Transaminase 
(GPT) Assay: The GOT and OPT were assayed by the UV-Spectrophotometric method of 
Bergmeyer (1974). The enzyme assay mixture with a total volume of 3.7 ml contained 80 mM 
phosphate buffer, pH 7.4; 200 mM amino acid; 0.18 mM NADH; MDH/LDH (containing 0.5 
mg protein/ml); 12 mM a-ketoglutarate and enzyme preparation. The change in absorbance, 
AE/min was recorded for 3 min at 340 nm using a silica cuvette. An extinction coefficient value 
of 6.22 for NADH was employed for calculation of the amount of NADH oxidized. Care was 
taken to avoid the interference of GLDH in the assay procedure for which ammonium ion 
concentration was reduced to negligible amount by preparing enzyme solution (MDH/LDH) in 
50% glycerol. In the absence of ammonium ions GLDH does not oxidize NADH. 
Enzyme Unit: Specific enzyme activity is expressed as ji moles NADH oxidized / mg 
protein / h. 
"C-GLYCINE UPTAKE: 
(A) LIQUID SCINTILLATION COUNTING: 
This study was carried out in rumen and liver amphistomes, G.crumenifer and G. 
explanatum. Freshly collected worms were thoroughly washed in HBSS and pre-incubated for 
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4 h, without glucose. Following starvation, worms were incubated in the medium containing 
'"•C-labelled glycine (specific activity: 10 mCi/mmol ). The method of Jeffs and Arme (1987) 
with some modifications were followed in the kinetic study of glycine uptake by the helminth 
parasites understudy. 
(a) Time Lapse Study: In order to see the effect of different time periods on the uptake 
mechanism, G. crumenifer and G. explanatum were incubated in 1 mM concentration of glycine 
with radioactivity 0.125 \xCilm\ for 2, 4, 5, 10, 15, 20 and 25 min in metabolic shaking water 
bath, premaintained at 37 ±2*^ 0. Thereafter, the incubated worms were immediately rinsed and 
vortexed three times in ice cold saline without any labelled material in order to remove adherent 
isotopes. Then the worms were soaked on the absorbent paper and kept for 48 h in 70% ethanol 
for the extraction of incorporated activity. To each scintillation vial, scintillation cocktail (Opti 
Phase 'Hi Safe' 3, LKB Scintillation Products , England) was added and counted for 1 min in 
Wallac, 1410 Liquid Scintillation Counter (Sweden). 
(b) Effect of Amino Acid Concentration: In order to see the effect of different glycine 
concentrations and to test the mode of transport like saturable, carrier mediated, various 
concentrations ranging from 0.2 to 2.0 mM were prepared in Hanks' with final radioactive 
concentration at 0.13 {xCi/ml. The worms of each species were incubated in the medium for 5 
minat37±2°C. Cornford(1985) also used the similar protocol in which various concentration 
was prepared by using fixed quantity of labelled amino acid with varying quantities of 
unlabelled homologues in order to study the saturable, carrier mediated transport for 
schistosomes. 
UNIT: The uptake of amino acids in the kinetic studies has been expressed as |x moles of amino 
acid incorporated per mg wet weight per min. 
(B) MICROAUTORADIOGRAPHY: Microautoradiography at light microscopy level was 
performed to study the differential distribution of labelled glycine following uptake. The 
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procedure for the autoradiographic studies was followed as described by Hanna (1976) with 
some modifications. 
Incubation and Fixation: The active worms were rinsed twice with HBSS and 
preincubated for 2 h in glucose free Hanks' medium (HBSS) at 37±2''C. Two to three worms 
were incubated per vial, containing one ml of Hanks' medium and to which 100 |j,Ci of "*C-
glycine was added. The vials were incubated in a shaking water bath at 37±2°C. The worms 
were given 10 min pulse followed by different chase periods in label free medium. Controls 
were also run simultaneously in Hanks' medium containing unlabelled glycine. After incubation, 
the worms were rinsed twice in glucose free Hanks' medium carefully and cut transversely into 
two pieces with a sharp razor blade, and were subsequently fixed in 10% neutral buffered 
formalin overnight at 4°C. 
Dehydration and Embedding: The fixed worms were washed for 1 h to remove all the 
buffered formalin and were dehydrated in serial grades of ethanol for 30 min in each grade, in 
100% ethanol (2 x 30 min changes were provided). The material was further prepared for 
embedding in JB^ resin. The dehydrated worms were transferred to solution A with three 
changes overnight for complete infiltration. Next day t^he material was embedded in dry gelatin 
transparent capsules using solution A and B of JB4 in 25:1 ratio. 
Solution 'A' 
Glycol methacrylate — 80 g 
2 Butaoxyethanol — 16 g 
Benzoyl peroxide — 1.0 g 
Solution 'B' 
Polyethylene glycol 400 — 15 g 
N, N-dimethyl aniline — 1.0 g 
Mixed thoroughly 
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All the chemicals for JB^ solution, were obtained from Polaron Equipment Limited, 
England. The embedded blocks were stored in vials containing dry anhydrous CuSO^ as 
dessicant. 
Section Cutting: 
Sections of 2.5 p,m thickness were cut from the JB4 blocks, using an LKB IV 
ultramicrotome. Sections were mounted at one end of clean and dust free slides using 0.1% 
ammonia solution as mountant. The slides were stored in dust free boxes containing dessicant 
(Silica gel) until required for coating with photographic emulsion. 
Preparation of Autoradiogram: 
The coating procedure was carried out in a dark room by the dipping technique, using 
minimum red safe light, mounted about 30 cm from the working area. The emulsion solution 
was prepared in a couplin jar by dissolving 10 g of Ilford L4 nuclear research emulsion (Finest 
grain in gel form) in 20 ml of double distilled water. The mixture was maintained at 45°C in a 
water bath for 15 min and was frequently stirred with a paraffin coated glass rod. The emulsion 
solution was then brought to room temperature, with occasional stirring, before use. 
For coating, slides were dipped one by one in a couplin jar containing emulsion and 
withdrawn immediately but gently. The coated slides were kept vertically for 10-15 min to 
dry completely. Care was taken that all of the slides were marked in a serial order, all of the 
slides were transferred to a slide box containing silica as dessicant and were wrapped in a black 
plastic bag and sealed properly. This ensures complete protection of the coated slides from 
light exposure. The sealed boxes were kept in black plastic bags, and stored in the refrigerator 
at 4°C for 6 weeks. 
After the exposure period, the autoradiograms were developed in dark room under 
safelight conditions as mentioned above. Before developing, the slides were brought to room 
temperature and all the procedures were carried out at 22°C. The slides were developed in 
Kodak D-19 developer at 20 °C for 5 min. Following a rinse in 1% acetic acid for 10 sec, the 
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coated slides were fixed in Kodak "Unifix" powder in a dilution of 1:10 for 10 min and washed 
gently for 30 min in distilled water which was changed frequently. After fixation, the rest of 
the procedure was carried out under normal laboratory conditions . The slides after fixation 
were dried over absorbent paper overnight in a dust free room. 
The sections were stained with 0.1% toluedine blue, the superficial stain was washed in 
running tap water and rinsed finally with distilled water. The slides were allowed to dry at room 
temperature. The activity of labelled glycine in the form of dark grains was observed in the 
sections and photographs were taken under oil immersion using an Ilford black and white film 
of 100 ASA. 
Y-GLUTAMYL TRANSPEPTIDASE (y-GTP): 
In order to see the possible fuctional role of y-GTP in G. crumenifer and G. explanatum 
the parasites were incubated in 1 mM glycine for 20 min. The enzyme activity was assayed inthe 
whole worm extract of both the above mentioned parasites. A control was also run 
simultaneously. This membrane bound enzyme is involved in the amino acid transport and a key 
enzyme of y-glutamyl cycle. The enzyme activity has been determined according to the method 
of Szasz (1974). The assay mixture (total volume 2.1 ml) contained 4.0 mM L-y-glutamyl p-
nitroanilide, 50 mM glycylglycine, 10 mM Mg CI2,48 mM ammediol buffer, pH 8.2 and enzyme 
preparation. Simultaneously, blank devoid of enzyme sample was prepared. The change in 
absorbance indicating the liberation of p-nitroaniline was recorded at 405 nm on 
Spectronic-1001. 
GLYCINE TRANSAMINASE: 
Glycine transaminase in the whole worm extract of G. crumenifer and G. explanatum was 
assayed by the UV-Spectrophotometric method of Bergmeyer (1974), as mentioned earlier. 
The enzyme assay mixture with a total volume of 3.7 ml contained 80 mM phosphate buffer, 
pH 7.4; 200 mM glycine; 0.18 mMNADH; MDH/LDH (containing 0.5 mg protein/ml); 12 
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mM a-ketoglutarate and enzyme preparation. The change in absorbance, AE/min was recorded 
for 3 min at 340 nm using a silica cuvette. An extinction coefficient value of 6.22 for NADH 
was employed for calculation of the amount of NADH oxidized. 
Enzyme Unit: Specific enzyme activity is expressed as )i moles NADH oxidized / mg 
protein / h. 
SODIUM DODECYL SULPHATE POLYACRYLAMIDE GEL ELECTROPHORESIS 
(SDS-PAGE): 
For the electrophoretic analysis of the soluble proteins, tissue samples were homogenized 
in 0.1 M Tris HCl buffer, pH 7.4. Samples were sonicated and centrifuged at 10,000 PC ^ in a 
refrigerated centrifuge (Indian Equipment Corporation, Bombay). Polypeptides were anal>^ed 
following the method of Laemmli (1970) in a separating 7-15% gradient slab gel and 4% 
stacking gel, using a vertical slab gel system (Pharmacia, LKB, Sweden). The separating and 
stacking gels were prepared from the various solutions, as follows; 
STOCK SOLUTIONS: 
(A) Acrylamide -- 30.0% (w/v) 
Bis-acrylamide ~ 0.8% (w/v) 
(B) Separating Gel Buffer: 
Tris -- 36.0% (w/v) 
TEMED -- 0.23% (v/v) 
SDS -- 0.8% (w/v) 
pH 8.3 was adjusted with 1 N HCl. 
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(C) Stacking Gel Buffer: 
Tris -- 5.98% (w/v) 
TEMED -- 0.46% (v/v) 
SDS -- 0.8% (w/v) 
pH 6.7 was adjusted with 1 N HCl. 
(D) Running Buffer (lOX): 
Tris -- 3.03% (w/v) 
Glycine - 14.41% (w/v) 
SDS -- 1.0% (w/v) 
(E) Ammonium per sulphate solution: 
For each experiment ammonium persulphate at a concentration of 10% (w/v) in double 
distilled water was always prepared fresh. 
Working solution with a gradient of 7-15% polyacrylamide gel, was prepared. The 
protocol is given below: 
Separating Gel Solution: 
7% 15% 
(A) Acrylamide -- 3.76 ml 8.0 ml 
(B) Separating Gel Buffer -- 2.48 ml 2.48 ml 
(E) Ammonium per sulphate -- 0.04 ml 0.04 ml 
Double distilled water -- 9.78 ml 5.52 ml 
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Stacking Gel Solution (4%): 
(A) Acrylamide ~ 2.0 ml 
(B) Stacking Gel Buffer - 2.0 ml 
(E) Ammonium per sulphate (10%) ~ 0.1 ml 
Double distilled water ~ 10.8 ml 
A detailed procedure for assembling the gel mould, casting the gel, preparing protein samples, 
application of the samples and finally running the experiment are given below: 
Gel casting: The separating gel solutions with a gradient of 7-15% were deaerated for 10 min 
at 25 lb (pound) of negative pressure in separate beakers. Freshly prepared ammonium per 
sulphate was added in each 7% and 15% acrylamide gel solution, mixed thoroughly and placed 
in gradient maker, connected to the slab gel glass mould (16x18x0.1 cm size). The separating 
gel was poured in the mould upto a distance of 12 cm. Few drops of distilled water was 
overlaid on the separating gel and left for polymerization at room temperature. After complete 
polymerization, the overlaid distilled water was discarded and a solution of 4% stacking gel 
was poured on the resolving gel. A comb measuring 1 mm thickness was inserted inside the 
stacking gel immediately and allowed to polymerize at room temperature. After polymerization, 
the comb was removed and the wells were rinsed with distilled water to remove unpolymerized 
gel, if any. 
Sample preparation: The soluble protein sample containing 70 |ig protein was mixed with 
equal volume of Laemmli's sample buffer, 0.625 M Tris HCl, pH 6.8, containing 5% (v/v) p-
mercaptoethanol and boiled for 8 min. The standard low molecular weight marker proteins 
ranging from 14.4 kDa to 94 kDa (Lactalbumin, 14.4 kDa; Trypsin Inhibitor, 20.1 kDa; 
Carbonic Anhydrase, 30 kDa; Ovalbumin, 43 kDa; Albumin, 67 kDa and Phosphorylase b, 94 
kDa) and high molecular weight marker proteins ranging from 29 kDa to 205 kDa (Myosin, 
205 kDa; P-galctosidase, 116 kDa; Phosphorylase b, 97.4 kDa; Albumin, 66 kDa; Ovalbumin, 
45 kDa and Carbonic Anhydrase, 29 kDa) were purchased from Pharmacia (LKB) for the 
present study. 
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£lectrophoretic conditions: Soluble protein samples as well as standard marker proteins were 
loaded in separate wells and the electrophoresis was carried out on the vertical slab gel system 
(Pharmacia, LKB) at 6°C using Multi Temp, II thermostatic circulator, and applying a constant 
current of 30 mA/slab until the marker tracking dye reached 1 cm fKowthe end of the gel. 
Following electrophoresis, Silver and Coomassie Brilliant Blue (R-250) stainings were 
performed. 
STAINING OF THE GELS: 
CBBR-250 Staining: The electrophoressed gels were fixed in a solution consisting of 10% 
(v/v) acetic acid, 45% (v/v) methanol for 2 h and then stained with 0.25% (w/v) CBBR-250 dye 
prepared in fixing solution, overnight (7-8 hrs). The overstained gels were destained in high 
destaining solution (HDS), consisting of 7% (v/v) acetic acid and 45% (v/v) methanol for 20-
30 minutes. This was followed by immersion of gel in low destaining solution (LDS) which 
consisted 7% (v/v) acetic acid and 5% (v/v) methanol until the clear background appeared. 
Finally, the gels with a clear background were stored in 7% acetic acid. 
Silver Staining: Silver staining of the electrophoressed gels was performed by the method of 
Oakley et al. (1980) with some minor modifications. The SDS-PAGE fractionated proteins 
were first immobilized in 10% (v/v) acetic acid, 50% (v/v) methanol for 30 min followed by 
impregnation in 7% (v/v) acetic acid and 5% (v/v) methanol for 1 h. The solution was then 
replaced by a fixing solution of 10% glutaraldehyde (prepared by diluting 25% analytical grade 
of glutaraldehyde) for 30 min. The gels were then rinsed several times with large volumes of 
double distilled water and left overnight. Distilled water was replaced by freshly prepared 
reducing solution of dithiothreitol (5mg/litre of DDW) for 3 5 min, and then transferred to 0.1% 
silver nitrate solution for 30 min. Gels were then quickly rinsed with large volumes of double 
distilled water and treated with freshly prepared developer solution consisting of 3% sodium 
carbonate, 0.05% (v/v) of 40% formaldehyde. As soon as transient brown colour appeared, the 
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solution was added and incubated until an appropriate colour with a clear background was 
developed. The gels were then rinsed with double distilled water and transferred in a fixing 
solution containing developer solution with 2,3 M citric acid, for 10 min. Finally, the gels were 
stored in 0.03% (w/v) sodium carbonate to ensure even staining and prevent sticking of the gel 
to the container. 
The silver and coomassie stained gels were photographed under transillumination by 
Cannon AE-1 camera using 125 ASA ORWO black and white film and Konica coloured film. 
The gels were dried on a gel dryer (Pharmacia, LKB) and kept for record. 
Molecular weight determination: 
The relative mobility (Rf) of each polypeptide was calculated as follows: 
Distance of migrated polypeptide 
Rf = 
Distance of migrated tracking dye 
The Rf values of individual polypeptide was calculated with the help of their migration 
distance. Subsequently, molecular weight (M .^) of each polypeptide was determined with the 
help of standard graph of known molecular weight marker proteins against their Rf values 
(Figure, 7). 
• 
IMMUNOLOGICAL STUDIES: 
I. PURIFICATION AND CHARACTERIZATION OF SOMATIC AND EXCRETORY 
SECRETORY (E/S) PROTEINS OF G. CRUMENIFER AND G. EXPLANATUM: 
(A) Collection of somatic proteins: Mature and active G. crumenifer and G. explanatum were 
homogenized in phosphate buffered saline, pH 7.2 sonicated and centrifuged at 10,000 X Or , 
in a refrigerated centrifuge for 15 minutes. The supernatant was collected for subsequent 
studies. 
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(B) Collection of excretory/secretory (ES) proteins: Freshly isolated adult worms were 
thoroughly washed in O.OIM phosphate buffered saline, pH 7.2, and incubated in the same 
medium maintaining the sterilized condition. A total of 15 worms/ 20 ml of PBS were incubated 
in large culture tubes fitted with rubber corks for a period of 5 h in a metabolic shaker 
premaintained at 37°C. After incubation, parasites were removed by centrifugation at 5,000 
RPM for 30 min at 4°C to settle the debris or eggs, if any. E/S products were dialysed against 
double distilled water for 24 h at 4''C with three changes of DDW. The E/S products were then 
concentrated in a Lyophilizer (Freeze Dryer DC 41, Yamato Scientific Co., Japan) and kept at 
-20°C for subsequent studies. 
C. Collection and preparation of faecal samples: Faecal samples from 20 buffaloes were 
collected separately and the fresh stool was mixed with a coating buffer (0.05 M carbonate 
bicarbonate buffer) at a ratio of 1.10 and shaken vigourously until a slurry was formed. This 
was centrifuged at 2000 x g for 39 min inorder to get a clear supernatant which was retained 
and stored at 4 °C. The faecal supernatant was used as a source of antigen. The protein 
concentration was determined by the method of Spector (1978). 
(D) GEL FILTRATION: In order to perform gel filtration chromatography superfine quality 
of Sephadex G-200 beads were obtained from Sigma Chemical Co. (U.S.A.), 12 gm of the 
Sephadex was swollen in 480 ml of 0.15 M PBS, pH 7,2. The swollen gel was kept in a 
boiling water bath for 6 h for further swelling and deaeration. 
(i) Column Packing: The swollen gel was adjusted to form a fairly thick slurry. The fine 
suspended particles were removed and the gel suspension was degassed. The column (2 x 9C 
cm) was placed vertically on a suitable stand and it was ensured that there were no air bubble; 
trapped in the dead space under the net and the outlet remained closed. The column was slightb 
tilted and the gel suspension was poured very carefully in a single operation to avoid trapping 
of the air bubbles. The column was immediately adjusted to its vertical position and a slightl 
higher flow rate was used for packing the column. The final flow rate was adjusted to 15 ml/h.Tw 
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to three volumes of eluent buffer were collected (Pharmacia, LKB) so that, column bed may 
stabilize and equilibrate with the eluent buffer. 
(ii) Column Calibration: Before applying the sample the homogeneity of the column bed was 
checked by running the solution of Blue Dextran-2000 (Sigma, Chemical Co., USA) at a 
concentration of 2 mg/ml of the eluent buffer. The quality of the packing was checked by 
watching the progress of a zone of Blue Dextran through the gel bed. As soon as the solution 
of the Blue Dextran was applied on the column, its outlet was opened and a flow rate of 15 ml/ 
h was maintained. The eluent was collected for estimation of the void volume of the packed bed. 
The spectra of blue dextran was plotted keeping O.D. on the Y- axis and the tube number on 
the X- axis (Figure 8). After closing the outlet of the column most of the eluent above the gel 
surface was carefully removed by suction. The remaining eluent was allowed to drain out 
through the outlet of the column. Finally, the soluble protein samples of parasites with a 
concentration of 50 mg were overlaid on top of the gel surface and allowed to pass through 
column. As soon as the sample entered the gel bed a few cm apart from gel surface, the column 
was refilled with the eluent buffer (0.15 M PBS, pH 7.2) and reconnected to the peristaltic 
pump and fraction collector (Pharmacia, LKB). A flow rate of 15 ml/h was kept throughout 
the experiment. In order to prevent the microbial contamination in the packed column, 0.02% 
NaNj was used in the gel suspension and eluent buffer during chromatography. 
(iii) Recording of Elution Curve: The eluted protein samples from the column were collected 
as 5 ml/tube and the protein concentration was monitored at 280 nm on a UV monitor 
(Pharmacia Standard Chromatography System). An elution curve of the fractions obtained 
was prepared. After monitoring the protein concentration, the samples representing each 
peak were pooled separately into 100 ml flasks. 
(iv) Dialysis of the Fractions: To remove salts from eluent, each fraction was dialysed in a 
cellulose dialysis tubing (Mr. cut off size, 3500, Sigma, USA) against DDW overnight at 4°C. 
Water was changed at an interval of 6 h and finally the fractions were freeze dried in a 
F'f'« 
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Lyophilizer (Yamato DC 41, Japan). The dried protein fractions were stored at -20°C in 
separate vials and resuspended in double distilled water before use. 
II. Collection of Hyperimmune Sera: The hyperimmune sera for somatic and E/S antigens 
of both G. crumenifer and G. explanatum were raised in the laboratory reared rabbits (appx. 
2 kg wt.). The samples of somatic and E/S antigens with a protein concentration of 4 mg/ml and 
0.5 mg/ml respectively, were prepared separately by thorough mixing 0.5 ml sample + 0.5 ml 
FC A (Freund's Complete Adjuvant) in an injection vial. A fairly thick suspension of the mixture 
was prepared which was injected intramuscularly at four different sites, two on the thigh 
regions and two on the subscapular regions. Two boosters were given at an interval of 10 days 
following inoculation and after one week of the second booster, blood was collected from the 
marginal ear vein of the rabbit. The tubes containing blood were kept for few hours to 
separate the sera which was collected following centrifugationat 5000/ ^ on a Microtable 
Top Refrigerated centrifuge (Hitachi Koki Co. Ltd. Japan). Finally the serum samples were 
stored in vials alongwith 0.02% sodium azide (NaNj) at -20°C. 
III. IMMUNOBLOTTING: Antigenicity of partially purified somatic and E/S products of G. 
crumenifer and G. explanatum was determined by immunoblotting which involved 
electrophoretic transfer of SDS-PAGE fractionated polypeptides on to PVDF (Poly venyl di 
fluoride) membrane (0.45 |Lim pore size, Millipore, USA) using Nova blot system (Pharmacia, 
LKB). The method of protein transfer was same as described by Towbin et al. (1979). The 
PVDF membrane and electrophoressed unstained gels were sandwiched by filter papers (1 F 
grade, Pharmacia), presoaked in transfer buffer and placed in between graphite electrodes. 
The transfer was performed at a costant current of 1 mA/Cm^ of the gel for 3 h. Thereafter, the 
PVDF membrane was stained with antigen detection compatible, Ponseu-S dye for 5 min and 
the visible lanes were cut into 5 mm wide strips and divided into two sets. One strip of standard 
marker protein and one test strip were stained with Amido Black while rest of the strips were 
incubated in incubation buffer (50 mM Tris HCl, pH 7.4, containing 150 mM NaCl) for further 
analysis. 
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(a) Detection of Antigenic Polypeptides: The antigenic polypeptides were detected 
according to the method of Harlow and Lane (1988). The test strips were placed for 2 h at 
room temperature in incubation buffer containing 5% low fat skimmed milk (Anikspray, India) 
to cap the unwanted binding sites. Thereafter, the strips were vigourously washed with washing 
buffer (50 mM Tris HCl, pH 7.4 + 0.02% Tween-20) for 3x10 min. The test strips were then 
treated with primary sera diluted in blotto (1: 100 dilution). A control strip was also run 
simultaneously by treating the test strip with the sera collected before injecting the antigens in 
the experimental rabbit. Following incubation, the strips were thoroughly washed with washing 
buffer 3x10 min with continuous shaking. Finally, the strips were incubated in alkaline 
phosphatase conjugated secondary antibody (anti rabbit IgG from Sigma Chemical Co., USA) 
diluted in blotto (in a ratio of 1:1000) for 2 h with continuous shaking. Following secondary 
Ab treatment, the strips were thoroughly washed with washing buffer 3x10 min and antigenic 
polypeptides were visualized by treating the strips with chromogenic solution [66 \xl 
nitroblue tetrazolium (NBT) stock + 33 |j,l bromo-chloro-indolyl phosphate (BCIP)/10 ml 
of alkaline phosphatase buffer]. The chromogenic solutions from stock were always prepared 
fresh. 
(b) Stock Solutions: 
(A) 5% (w/v) NBT in 70% diethyl formamide. 
(B) 5% (w/v) BCIP (disodium salt) in 100% diethyl formamide 
(C) Alkaline phosphatase buffer - 100 mM Tris HCl, pH 9.5, containing 100 mM NaCl, 
5 mM MgCl^. 
The BCIP/NBT chromogen system generated an intense black purple colour precipitate 
at the site of enzyme reaction. Visualizing an appropriate colour, the reaction was stopped 
by rinsing the blot with PBS + 20 mM EDTA solution. Finally the strips were photographed 
using ORWO/125 ASA black and white film by Cannon AE-1 camera. 
94 
IV. ENZYME LINKED IMMUNOSORBENT ASSAY (ELISA): 
To monitor the antibody titre (IgG) of somatic, E/S and copro-antigens, enzyme linked 
immunosorbent assay was performed. The method used was essentially the same as described 
by Voller et al. (1976). Following buffer /solutions were prepared for the determination of 
antibody titre: 
1. Coating buffer (pH, 9.6): 
Na,C03 
NaHCOj 
DDW 
2. Washing buffer: 
Na,PO, 
KH^PO^ 
NaCl 
DDW 
3. Diethanolamine buffer (DEA): 
Diethanolamine 
NaN3 
MgCl, 
—. 
—_ 
— 
— 
— 
— 
... 
. . . 
— 
— 
1.59 gm 
2.93 gm 
1000 ml 
5.80 gm 
1.63 gm 
5.00 gm 
1000 ml 
48.50 ml 
0.10 gm 
50.0 gm 
Final volume was adjusted to 500 ml with double distilled water. 
To each well of a microtitre plate (Dynatech, USA) 50 nl of antigens with a 
concentration of 20 |ig protein / ml was dispensed and incubated at 4°C overnight. The 
plate was washed by filling, emptying and refilling the wells with washing buffer for 3x10 min. 
The unwanted reactive sites were blocked by filling each well of the microtitre plate with 150 
\xl of 5% low fat milk (Anikspray, India) in phosphate buffered saline and incubated at room 
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temperature for 3 h. The plate was again washed with washing buffer for 3x10 min. The test 
sera collected from the control and hyperimmunized rabbits were serially diluted in PBS 
containing 5% low fat milk. In each well of the microtitre plate, 50 }il of these serially diluted 
sera were loaded and incubated for 3 h at room temperature in a humid chamber. After 
incubation, the plate was washed for 3x10 min with washing buffer. This was followed by 
loading of secondary antibody conjugated vC^ ith alkaline phosphatase with a dilution of 1:1000. 
To each well of the microtitre plate 50 |LI1 of diluted secondary sera, in PBS containing 5% low 
fat milk, was loaded and incubated for 3 h in a humid chamber at room temperature. The plate 
was then washed for 3x10 min with washing buffer. Finally, the reaction was developed by 
adding 100 \i\ substrate, p-nitrophenyl phosphate, at a concentration of 1 mg / ml in 10% DEA 
buffer. After visualising the appropriate colour, reaction was stopped by the addition of 50 i^ l 
of 3N NaOH solution. The colour was read at 405 nm in an ELISA reader (SLT Lab-
Instrument, Austria). Controls without antigen and without primary or secondary antibodies 
were run simultaneously. The values obtained were plotted in the form of curves and bar 
diagrams using Harvard Graphics Computer Software. 
Immunodot Assay of Faecal Supernatants: Immunodot assay was performed as described 
by Hawkes et al. (1982) with some minor modifications. The faecal antigens with a protein 
concentration of 20 (ig were spotted on the polyvenyl difluoride (PVDF) membrane and 
allowed to dry. The strips were washed with 10 mM PBS, pH 7.4, for 3 xlO min and were 
incubated in blotto containing 5% non-fat dried milk powder (Anik Spray, India) in 10 mM 
PBS, pH 7.4 with 0.02% NaNj for 3 h to cap the unwanted epitopes. Thereafter, the membrane 
strips were washed with 10 mM PBS pH 7.4 for 3x10 min and were incubated for 3 h in anti-
ES rabbit antisera using a dilution of 1:20 in blotto. The membranes were washed in 10 mM PBS 
containing 0.05% Tween for 3x 10 min. The membranes were incubated in alkaline phosphatase 
labelled antirabbit IgG (Sigma, USA) in a dilution of 1: 1000 in blotto for 3 h. After incubation 
in secondary antibody the membranes were again washed in 10 mM PBS, pH 7.4 for 3 x 10 min 
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and the reaction was developed using p-nitrophenyl phosphate as substrate. The reaction was 
stopped with 4% formaldehyde in double distilled water and observed by naked eye. 
Countercurrent Immunoelectrophresis (CCIEP) of Faecal Samples: 
An agaraose gel of 3 mm thickness was prepared on a glass slide, using 0.9% agarose 
(BDH Electran) in 0.08 M barbitone buffer, pH 8.2. Two wells were punched at a distance of 
6 mm from each other. One of the wells was loaded with anti-ES rabbit sera and the other with 
buffalo coproantigens. The slide was placed on the immunoelectrophoresis assembly so that the 
well containing antisera remained towards the anode and the coproantigen towards the 
cathode. The electrophoresis was carried out using 0.08 M barbitone buffer, pH 8.2 at a 
constant current of 8 mA/ slide for 45 min. After electrophoresis the slides were fixed and 
stained with Amido Black according to the method of Varela-Diaz and Coltorti (1976) and 
photographed. 
RESULTS 
C H A P T E R ! 
BEHAVIOURAL AND PATHOPHYSIOLOGICAL 
STUDIES ON LARVAL STAGES OF 
GASTROTHYLAX CRUMENIFER INFECTING 
GYRAULUS CONVEXIUSCULUS 
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RESULTS 
During the present investigation a number of pathophysiological and behavioural studies 
were carried out. The results obtained are given below: 
BEHAVIOURAL STUDY: 
(a) Preference to Chemicals and Snaii Tissue Homogenates by Miracidia of G. crumenifer: 
The results of miracidial response to various chemicals as well as tissue homogenates of 
snails are as follows: 
(1) Aspartic acid: Miracidia approaching the vicinity of agar blocks impregnated with aspartic 
acid deviated from the normal straight line swimming pattern by turning abruptly back and 
forth in a 'wig wag' manner (Table 4 and Figure 9) when observed under the binocular 
microscope. This type of movement with increased random turning was interpreted as a 
"Chemo-klino-kinesis". The term 'chemo-klino-kinesis' means change in the rate of random 
turning or angular velocity in response to a chemical stimulus. This sort of movement appears 
to aid in locating a gradient of difusing chemicals and the source. Highest number of miracidial 
contacts (554 contacts) to agar blocks was consistently observed during a period of 10 minutes. 
(2) Arginine: Miracidia after coming in contact with the agar block containing arginine, either 
made a single loop or swam away with only one contact. This type of movement was termed 
as "chemo-tropo-taxis" meaning locomotion straight towards or away from the source of the 
chemical stimulus (Figure 9). Further, 359 contacts per 10 min were observed (Table 4). 
(3) Alanine: Miracidial response to alanine impregnated agar blocks was observed similar as 
compared to arginine containing agar blocks. But the only difference observed was the absence 
of loop formation in presence of alanine agar blocks (Figure 9). The contacts of miracidia to 
agar blocks /lO min was found to be 478 contacts which was next to aspartic acid (Table 4). 
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Table 4: Behavioural response of Gastrothylax crumenifer miracidia to various 
chemicals and tissue homogenates of different snail species. 
S. No. Test chemicals/Snails Contacts/ lOmin 
1. 
2. 
3. 
4. 
5. 
6. 
Aspartic acid 
Alanine 
Arginine 
Glucose 
Valeric acid 
Lactic acid 
7. Gyraulus convexiusculus 
8. Indoplanorbis exustus 
9. Vivipara bengalensis 
10. Lymnea luteola 
Control (without any test chemical) 
554 ±21.35 
478 ±18.58 
359 ±11.20 
226 ±6.27 
181 ±13.22 
419 ±10.18 
251 ±9.97 
173 ±16.76 
116 ±18.51 
120 ±17.75 
65 ±3.86 
All the values are mean of three replicates, ±SEM, 
Figure 9: Behavioural responses of Gastrothylax crumenifer miracidia to various 
chemicals and tissue homogenates of four snail species impregnated in 
agar blocks. 
a- indicates Aspartic Acid 
b- indicates Arginine 
c- indicates Alanine 
d- indicates Glucose 
e- indicates Valeric Acid 
f- indicates Lactic Acid 
g- indicates Lymnea luteola 
h- indicates Vivipara bengalensis 
i- indicates Indoplanorbis exustus 
j - indicates Gyraulus convexiusculus 
k- indicates Control (without any test chemical) 
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(4) Glucose: Miracidial behaviour to agar blocks containing glucose was observed to be 
"chemo-tropo-taxis" type. Some of the miracidia exhibited formation of more than one loop 
after contact with the agar block (Figure 9). The miracidia revealed 226 contacts/10 min of 
observation (Table 4). 
(5) Valeric acid: The behavioural pattern of miracidia in response to valeric acid agar 
blocks was found more or less similar as observed in the presence of glucose and alanine agar 
blocks. It was observed that the miracidia rushed to the blocks, formed two loops after 
contact and turned back quickly. In some cases, formation of the loop was observed before 
reaching near to the blocks (Figure 9). The miracidial contact in this experiment was observed 
to be 181 times (Table 4) during a 10 min observation under the binocular microscope. 
(6) Lactic acid: A mixed type of behavioural pattern was observed before and after contact 
with the test chemical blocks. In this response miracidia made repeated contacts with the test 
block in a series of dips (dipping response) while some of them exhibited contact return 
movement with the formation of one loop. It was also observed that some miracidia made 
several loops instead of one, prior to contact with the test agar block. The number of contacts 
for this chemical was found to be almost 2.3 fold increased (419 contacts/10 min) as compared 
to valeric acid. (Table 4). 
Tissue Homogenates of Snails: 
(7) Vivipara bengalensis: In this experiment, miracidia exhibited mixed type of response to 
agar block containing the tissues of Vivipara. Some of the miracidia made only one contact and 
returned back quickly while others moved parallel to the block after contact. Formation of two 
loops were also observed before contact (Figure 9). The results summarized in Table 4, 
revealed lowest number of contacts (116 contact/10 min) of miracidia to agar blocks during 
thepresent study. It is also presumed that among four species of snails under study, miracidia 
of G. crumenifer revealed lowest choice for Vivipara. 
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(8) Lymnea luteola: Responses of miracidia to tissues of Lymnea revealed abnormal 
swimmimg pattern which was quite distinct from other swimming behaviours during the present 
study (Figure 9). Miracidia moved in a helical path before as well as after contact with the 
agar block. Miracidia made 120 contacts/10 min to the agar block of i>'/M«ea tissues 
(Table 4). 
(9) Indoplanorbis exustus: Behavioural response of miracidia to agar blocks containing 
Indoplanorbis revealed two types of swimming pattern. The miracidia either returned back 
after contact or moved parallel to the surface of agar block (Figure 9) impregnated with snail 
tissues. Miracidial contact to Indoplanorbis agar block was observed to be 120 per 10 min, 
which is same as that of Z. luteola. 
(10) Gyraulus convexiusculus: In this experiment, boring or penetrating action of miracidia 
in response to Gyraulus tissues was noticed. Miracidia moved straight to the surface of block 
and remained attached for 20 seconds (approximately). Some other responses like contact 
return as well as loop formation before contact were also observed (Figure 9). Among four snail 
species under study, highest number of contacts (251/10 min) of miracidia to Gyraulus tissue 
impregnated agar blocks were observed (Table 4). 
(b) Colour Preference by Cercariae of Gastrothylax crumenifer: 
Results of the colour preference experiment are summarized in Table 5, which reveals that 
among five different colours under study, day light has been preferred largely for encystment 
by the cercariae. It was noticed that 46% cercariae preferred day light for encystment. This was 
followed by yellow, green and black colours which revealed 19%, 17% and 13% encystment 
respectively. Further, it was noticed that very few cercariae (7%) were attracted towards red 
colour (Table 5). Thus the colour preference results revealed that the G. crumenifer cercariae 
prefer mostly the day light for encystment followed by yellow, greenand black colours which 
affect moderately while preference for red colour is very less. 
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Table 5: Effect of different colours on the encystment of 
cercariae of Gastrothylax crumenifer. 
S.No. Colours % Preference 
1. Daylight 46% 
2. Yellow 19% 
3. Green 17% 
4. Red 7% 
5. Black 13% 
Each value represents a total of 8 replicates 
Table 6: Effect of vegetation on the encystment of 
cercariae of Gastrothylax crumenifer. 
S.No. 
1. 
2. 
3. 
4. 
Vegetation 
Pithophora sp. 
Water hyacynth 
Grass 
Cynodon dactylon 
% Preference 
58.81% 
21.83% 
12.97% 
6.47% 
Each value represents a total of 6 replicates 
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(c) Vegetation Preference by Gasirothylax crumenifer Cercariae: 
To observe the preference of vegetation for the encystment of cercariae, four different 
species of plants (A)Pithophora sp. (B) water hyacynth (C) common grass and (D)Cynodon 
dactylon were used. Results of vegetation preference by cercariae, are summarized in Table, 
6. It was found that 59% of cercariae encysted on Pithophora sp.yvhich was the most preferred 
plant for the encystation of G. crumenifer cercariae. The common grass has been preferred 
moderately (22%) for encystment while Cynodon dactylon and water hyacynth were found to 
be the lowest preferred plants with a percent encystation of 13 and 6.5% respectively. 
(d) Excystation in the Metacercariae of Gasirothylax crumenifer: 
The process of excystation in digenetic trematodes is an important event in order to 
continue the life cycle and establishment of infection in the definitive hosts. Various factors 
are involved in triggering th6 procesf of excystation. During the present study a number of 
parameters have been used in an attempt to find their role in the excystation process. The 
results obtained are given below: 
(i) Effect of pH on Excystation: During the present study, the solutions of normal 
saline with pH 2, 4, 6, 8 and 10 were prepared and the excystation was monitored at a constant 
temperature of 3 T^ C. It can be seen from the Table 7, that metacercariae did not excyst in 
normal saline at any of the pH under study, even upto 12 h of incubation time. 
(ii)Effectof Temperature on Excystation: The effect of temperature on the excystation of 
metacercariae was examined at pH, 2, 4,6, 8 and 10 by keeping the incubation temperature 
at 37°C, 40°C and 45°C. Table 7, revealed that the excystation did not occur at any of the above 
mentioned temperature upto 12 h of treatment time, indicating^ that neither the change in pH 
or temperature alone nor in combination induced the excystation process. 
(iii) Effect of Osmolarity on Excystation: In order to observe the effect of osmolarity on 
the excystation process, the metacercariae were incubated in distilled water, tap water and 
pond water for a period of 12 h at a constant temperature of 37°C. Observations revealed that 
the incubation in the medium of different osmolarity did not trigger the excystation of 
metacercariae (Table 7). 
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(vii) Effect of NaHCOj on Excystation: To monitor excystment in the metacercariae, 
varying concentration of NaHCOj solutions were prepared and the metacercariae were treated 
with each solution (0.5, 0.75, 1.0, 1.5 and 2.0% solution) at 37°Cupto 12 h. It was noticed that 
metacercariae did not excyst at any concentration of NaHCOj solutions (Table 7). 
(iv) Effect of Pepsin on Excystation: In order to examine the effect of pepsin in the 
excystation of the metacercariae, 0.5, 0.75, 1.0 and 1.5% pepsin solutions were prepared. 
Their pH was adjusted to 4.0 and the metacercariae were incubated in each solution 
separately at 37T for 20, 40 and 60 minutes. It was observed that metacercariae failed to 
excyst at all the concentrations of the pepsin used in this study (Table 7). 
(v) Effect of sodium-glycotaurocholate on Excystation: To perform the excystation of 
metacercariae in presence of the bile salt, sodium-glycotaurocholate, its different 
concentrations like 1, 2, 4, 6, 8 and 10% were prepared. Their pH was adjusted to 8.0 and 
metacercariae were incubated in each solution for 1, 5, 10 and 12 h. It was observed that 
after 12 h of treatment, metacercariae excysted at each concentration of the solution under 
study (Table 7). Maximum excystation (70%) of metacercariae occurred in 4 and 6% of 
sodium-glycotaurocholate solution, while 60% and 50% metacercariae excysted at 1% and 
8% of sodium-glycotaurocholate solutions respectively. The lowest excystation (40%) was 
observed at 2% and 10% concentrated solutions of sodium-glycotaurocholate (Table 7). 
(vi) Effect of Biles on Excystation: In the present study, different concentrations of 
buffalo and dog biles were used to examine their effects on excystation of metacercariae. The 
results obtained are summarized in Table 7. It was observed that after 5 h of incubation time 
maximum (60%) metacercariae excysted in 75% dog bile while in 25%, 50% and 100% biles 
of dog, only 20% metacercariae excysted (Table 7). Contrary to this, excystation time doubled 
when the metacercariae were treated with 25, 50, 75 and 100% bufFaio biles. In each bile 
concentration of buffalo, only 20% excystation of metacercariae occured (Table 7). 
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Table 7: Excystation of Gastrothylax crumenifer metcercariae, under variable conditions. 
Effect of pH and temperature 
Incubation 
S.No. Medium 
1. Normal Saline 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. " " 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
Effect of Osmolarity: 
21. Distilled water 
22. Tap water 
23. Pond water 
Effect of Pepsin: 
24. 0.5% Pepsin 
25. 0.75% " 
26. 1.0 % " 
27. 1.5 % " 
pH 
2 
4 
6 
8 
10 
2 
II 
II 
4 
It 
II 
6 
II 
II 
8 
II 
M 
10 
II 
11 
4 
II 
II 
II 
Temp (»C ) 
37 
II 
II 
II 
II 
37 
40 
45 
37 
40 
45 
37 
40 
45 
37 
40 
45 
37 
40 
45 
37 
II 
•1 
37 
II 
II 
II 
Percent Excystation 
Incubation Time 
I h 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
20 min 
0 
0 
0 
0 
5 h 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
40 min 
0 
0 
0 
0 
10 h 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
60 min 
0 
0 
0 
0 
12 h 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
~ 
0 
0 
0 
0 
Table: 7 Contd. 
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Effect of Sodium glycotaurocholate: 
Incubation 
Medium 
S.No. 
Na-glycotaurocholate 
28. 1% 
29. 2% 
30. 4% 
31. 6% 
32. 8% 
33. 10% 
pH 
8 
Effect of Natural biles: 
Dog bile 
34. 25% 
35. 50% 
36. 75% 
37. 100% 
Buffalo bile 
38. 25% 
39. 50% 
40. 75% 
41. 100% 
Effect of Na HCO,: 
NaHCO, 
42. 0.5 % 
43. 0.75% 
44. 1.0 % 
45. 1.5% 
46. 2.0 % 
Temp°C 
37 
37 
II 
II 
M 
37 
II 
II 
II 
37 
•1 
II 
II 
II 
Percent Excystation 
Incubation Time 
1 h 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
5 h 
0 
0 
0 
0 
0 
0 
20% 
20% 
60% 
20% 
0 
0 
0 
0 
0 
0 
0 
0 
0 
10 h 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
20% 
20% 
20% 
20% 
0 
0 
0 
0 
0 
12 h 
60% 
40% 
70% 
70% 
50% 
40% 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
108 
PATHOPHYSIOLOGICAL STUDY: 
Among various fresh water gastropods, Gyraulus convexiusculus serves as an intermediate 
host for a variety of trematode infections. In the present study tissue samples of the infected 
and normal hepatopancreas as well as head & foot tissues of the GyraM/wscowvexmscw/w* 
were used for the estimation of a number of biochemical components like protein, glycogen, 
total lipid, lipid fractions, RNA and DNA. Some known pathological marker enzymes like acid 
phosphatase, alkaline phosphatase, aspartate transaminase (GOT) and alanine transaminase 
(GPT) were also assayed. The results obtained are summarized in Tables 2-3 and Figures 10-
16. 
PROTEIN: The level of protein content in infected hepatopancreas as well as head & foot 
tissues was determined and compared with normal snail tissues. Results of the level of protein 
content are summarized in Table 2 and Figure 10. The data revealed 1.6 and 1.3 fold higher 
level of protein in infected hepatopancreas as well as head & foot tissues of the gastropod under 
study, as compared to the normal tissues. 
GLYCOGEN: Comparative analysis of the glycogen content in parasitized and normal tissues 
of the snail under study revealed variations in the glycogen level. The values obtained for 
glycogen were found to be elevated in both hepatopancreas as well as head & foot tissues of 
infected snail as compared to normal tissues. It was observed that the glycogen content level 
increased by 2 fold each in infected tissues of hepatopancreas and head & foot (Table 2 and 
Figure 11). 
TOTAL LIPIDS: Results of the total lipid estimations in the hepatopancreas as well as 
head & foot of G. convexiusculus are summarized in Table 2 and Figure 12. Analysis of the 
data revealed that contrary to protein and glycogen, lipid contents of both the tissues were 
depleted drastically due to infection of larval trematodes. 
LIPID FRACTIONS: A comparative account of the levels of various lipid fractions of 
infected and normal tissues of the snail under study has been summarized in Table 2 and 
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Table 2: The level of various biochemical components in normal and infected 
Gyraulus convexiusculus. 
Biochemical 
Components 
Protein 
Glycogen 
Total Lipid 
Cholesterol 
Free Fatty Acid 
Phospholipid 
NUCLEIC ACroS 
R N A 
D N A 
Hepatopancreas (mg/gm) 
Normal 
85.123 
±16.10 
3.713 
±0.74 
8.145 
±1.20 
0.261 
±0.04 
0.057 
±0.01 
0.024 
±0.01 
0.112 
±0.02 
0.123 
±.014 
Infected 
140.7 
±14.6 
6.232 
±.423 
0.298 
±0.02 
0.047 
±.013 
0.096 
±0.02 
0.033 
±.012 
0.125 
±.015 
0.135 
±.011 
Head and Foot (mg/gm) 
Normal 
77.494 
±13.9 
1.930 
±0.90 
1.566 
±0.50 
0.035 
±0.01 
0.026 
±0.01 
0.026 
±0.01 
0.065 
±.013 
0.052 
±.012 
Infected 
102.533 
±19.20 
3.998 
±0.24 
0.870 
±0.16 
0.031 
±.009 
0.061 
±0.02 
0.030 
±0.01 
0.042 
±.014 
0.048 
±.016 
All the values are mean of three different replicates, ±SEM. 
Figure 10: The level of protein content in normal and infected snail, Gyraulus 
convexiusculus. 
HP- indicates hepatopancreas, 
HF- indicates head and foot. 
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Figure 11: The level of glycogen content in normal and infected snail, Gyraulus 
convexiusculus. 
HP- indicates hepatopancreas, 
HF- indicates head and foot. 
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Figure 12: The level of lipid content in normal and infected snail, Gyraulus 
convexiusculus. 
HP- indicates hepatopancreas, 
HF- indicates head and foot. 
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Figure 13, It was observed that the cholesterol was depleted in parasitized tissues while 
phospholipid and free fatty acid fractions were elevated by 1.4 and 1.7 fold in infected 
hepatopancreas as well as 1.15 and 2.3 fold in the head & foot regions respectively, as 
compared to the normal snail tissues. 
NUCLEIC ACIDS: Variation in the level of nucleic acid contents was also recorded in 
normal and parasitized snail tissues. The results obtained are summarized in Table 2 and Figure 
14. It was observed that both RNA and DNA increased by 1.0 fold in parasitized hepatopancreas. 
Further, it was noticed that RNA and DNA contents of head and foot tissues were depleted by 
1.54 and 1.0 fold respectively due to parasitic infections. 
ENZYMES: During the present study, the levels of some enzymes like acid phosphatase, 
alkaline phosphatase, GOT and GPT were also assayed. TheSe ^ifeymes are important from 
pathological point of view because alterations in the enzyme may occur due to cytolysis of 
infected tissues. The results of enzyme assays are summarized in Table, 3 and Figure, 15-16, 
which reveal a comparative account of normal and parasitized tissues of the snails under 
investigation. 
ACID AND ALKALINE PHOSPHATASES: Most .of the previous investigations on 
phosphomonoesterases in the intramoUuscan stages of the digeneans have used cytochemical 
localization techniques whereas the present study deals with the quantitative changes in 
enzyme levels during different larval trematode infections in the intermediate molluscan host 
as well as their normal counterparts. 
On comparing the levels of enzyme activities in infected and normal tissues, it was 
observed that both acid and alkaline phosphatase activities were increased in the infected 
hepatopancreas by 1.8 and 1.4 fold respectively (Table 3 and Figure 15) while enzyme activity 
decreased in the infected head & foot tissues by 1.2 and 1.1 fold respectively. 
ASPARTATE (GOT) AND ALANINE (GPT) TRANSAMINASES: The results of GOT 
and GPT assays are summarized in Table 3 and Figure 16. Elevation in the level of both the 
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Table 3: The level of various enzymes in normal and infected Gyraulus 
convexiusculus. 
Biochemical 
Components 
Acid Phosphatase* 
Alkaline Phosphatase* 
GOT 
GPT 
Hepatopancreas 
Normal 
285.75 
±17.97 
74.96 
±13.3 
1.63 
±0.31 
1.39 
±0.29 
Infected 
512.3 
±26.1 
108.45 
±15.33 
6.55 
±0.52 
4.433 
±0.78 
Head 
Normal 
49.09 
±13.1 
and Foot 
Infected 
40.70 
±14.9 
23.61 21.20 
±9.6 ±8.2 
0.735 
±0.05 
0.433 
±0.04 
3.065 
±0.41 
1.731 
±0.20 
All the values are mean of three different replicates, ±SEM. 
X - indicates p,g pnp liberated/ mg protein/min 
* - indicates n moles NADH oxidised/mg protein/ min. 
Figure 13: The level of various lipid fractions in normal and infected snail, Gyraulus 
convexiusculus. 
HP- indicates hepatopancreas, 
HF- indicates head and foot. 
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Figure 14: The level of RNA and DNA contents in normal and infected snail, 
Gyraulus convexiusculus. 
HP- indicates hepatopancreas, 
HF- indicates head and foot 
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Figure 15: The level of acid and alkaline phosphatases in normal and infected snail, 
Gyraulus convexiusculus. 
HP- indicates hepatopancreas, 
HF- indicates head and foot. 
AcPase- indicates acid phosphatase, 
AlkPase- indicates alkaline phosphatase. 
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Figure 16: The level of GOT and GPT in normal and infected snail, Gyraulus 
convexiusculus. 
HP- indicates hepatopancreas, 
HF- indicates head and foot. 
GOT- indicatesglutamate oxaloacctate transaminase, 
GPT - indicates glutamate pyruvate transaminase. 
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enzymes was recorded in parasitized snail tissues. On comparing normal and infected tissues 
it was found that GOT increased by 4 fold in both hepatopancreas as well as head & foot tissues 
while GPT increased by 3.2 and 4 fold in both the infected tissues, respectively. 
It can be concluded from the above results that the biochemical profile of parasitized 
snail tissues is altered when compared with the normal tissues of the snail under study. Protein 
and glycogen contents of infected tissues were found to be elevated while total lipid depleted 
drastically in both the infected hepatopancreas and head & foot tissues. Among lipid fractions 
free fatty acids and phospholipids were found to be elevated while the cholesterol level was 
reduced. Further, the level of RNA and DNA increased in parasitized hepatopancreas while 
reduction in the level of both the nucleic acids was noticed in the infected head & foot 
tissues. Besides these biochemical components, some pathological marker enzymes like acid 
& alkaline phosphatases as well as GOT & GPT were found to be elevated in infected tissues 
of G.convexiusculus. 
CHAPTER-II 
BIOCHEMICAL PROFILE OF DIFFERENT 
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RESULTS 
BIOCHEMICAL PROFILE OF DIFFERENT DEVELOPMENTAL STAGES OF 
GASTROTHYLAX CRUMENIFER: 
Biochemical Estimations: 
Biochemical assays of protein, glycogen, nucleic acids, lipid and lipid fractions of a 
number of developmental stages of Gastrothylax crumenifer, were performed following the 
standard Spectrophotometric methods. The results obtained are summarized in Table 8 and 
Figures, 17-21. 
Protein: Variations in the protein concentration of fresh eggs, egg containing mature miracidia 
(Em), free living cercariae, metacercariae and immature (2 mm size, from rumen) stages of G. 
crumenifer have been observed. Higher protein content was recorded in the fresh eggs 
constituting 177.59 mg/g (wet wt.) as compared to Em (120.76 mg/g), cercariae (88.024 
mg/g), metacercariae (74.216 mg/g) and immature worm (13.02 mg/g) wet wt. (Table 8 and 
Figure 17). 
Glycogen: Comparative analysis of the glycogen contents in five developmental stages under 
study revealed variations in the level of glycogen reserves. The values obtained gave a similar 
decreasing trend as observed for protein contents. High level of glycogen concentration was 
observed in the fresh eggs constituiting 19.281 mg/g (wet wt.) followed by 11.577, 7.03, 6.012 
and 3.908 mg/g (wet wt.) in Em, free living cercariae, metacercariae and immature worms, 
respectively (see Table 8 and Figure 18). 
Lipids: Results of the total lipid and lipid fractions are summarized in Tables 8 and Figure 19. 
Differences in the lipid content were also observed in the five developmental stages of G. 
crumenifer. In fresh eggs the value for lipid content was found to be 1.069 mg/g (wet wt.) 
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Table 8: Biochemical concentration in the developmental stages of Gastrothylax 
crumenifer. 
Biochemical 
Components 
Protein 
Glycogen 
Lipid 
Lipid fractions: 
Phospholipid 
Cholesterol 
Free fatty acids 
Nucleic Acids: 
RNA 
DNA 
Eggs 
177.59 
±13.38 
19.281 
±1.89 
1.069 
±0.96 
0.202 
±.021 
0.085 
±.031 
0.049 
±.018 
17.30 
±1.13 
3.931 
±.815 
DEVELOPMENTAL STAGES 
Em 
120.76 
±12.58 
11.577 
±1.14 
0.951 
±0.11 
0.099 
±.017 
0.146 
±.051 
0.306 
±.025 
15.12 
±1.61 
4.590 
±1.01 
Cere 
88.02 
±13.23 
7.030 
±1.55 
13.13 
±0.78 
0.056 
±0.01 
0.308 
±0.07 
1.174 
±0.12 
11.81 
±1.19 
3.031 
±.929 
Metacerc 
74.22 
±11.06 
6.012 
±1.96 
10.38 
±0.85 
0.031 
±0.01 
0.190 
±0.03 
0.835 
±.023 
9.760 
±1.42 
2.150 
±.139 
Imm. 
13.02 
±2.21 
3.908 
±1.13 
0.647 
±0.09 
* 
0.029 
±.008 
0.051 
±0.01 
0.122 
±.017 
5.691 
±1.01 
1.371 
±.214 
All the values are mean of three separate replicates, expressed in mg/g wet weight, 
±SEM. 
Em - indicates eggs containing mature miracidia. 
Cere - indicates cercariae, 
Metcerc - indicates metacercariae. 
Figure 17:The level of protein content in various developmental stages of Gastrothylax 
crumenifer. 
Em - indicates eggs containing mature miracidia. 
122 
™ g^ / S wet weight 
Figure 18: The level of glycogen content in various developmental stages of Ga^fro /^ry/ax 
crumenifer. 
Em - indicates eggs containing mature miracidia. 
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Figure 19:The level of lipid content in various developmental stages of Gastrothylax 
crumenifer. 
Em - indicates eggs containing mature miracidia. 
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followed by an increase in the cercariae and metacercariae which was 13.13 and 10.38 mg/g 
(wet wt.) respectively. The lipid content decreased in Em and immature stages where the value 
obtained was 0.951 and 0.647 mg/g (wet wt.) respectively. 
Lipid fractions: Comparative analysis of lipid fractions of different developmental stages 
revealed that phospholipid concentration was higher in fresh eggs while cholesterol and free 
fatty acid fractions were predominant in cercarial stage. The concentration of phospholipid was 
observed in decreasing order starting from fresh eggs to subsequent developmental stages viz. 
Em, cercariae, metacercariae and immature stages. However, the level of cholesterol increased 
upto cercarial stage and then declined in subsequent developmental stages. A similar trend in 
the free fatty acid level was observed from fresh eggs to immature developmental stages (see 
Table 8 and Figure 20). 
Nucleic Acids: Variations in the level of RNA and DNA content was also observed in the 
developmental stages of G. crumenifer (Table 8 and Figure 21). The level of RNA showed a 
decreasing trend from fresh eggs to immature stage. The RNA concentration in fresh eggs, eggs 
containing mature miracidia (Em), cercariae, metacercariae and immature stages, was found to 
be 17.30, 15.12, 11.81, 9.76 and 5.69 mg/g (wet weight), respectively. Little variations were 
recorded in the DNA level of fresh eggs, Em and cercariae revealing a concentration of 3.93, 
4.59 and 3.03 mg/g (wet weight), respectively. The DNA level further reduced in the 
subsequent stages i.e. metacercariae and immature stages with a concentration of 2.15 and 1.37 
mg/g (wet weight). Further, an overall comparison of RNA and DNA concentration in the 
developmental stages of G. crumenifer revealed that the concentration of RNA in all the 
developmental stages understudy, was on higher side. 
SDS-GRADIENT POLYACRYLAMIDE GEL ELECTROPHORESIS (SDS-PAGE): 
For the analysis of stage specific polypeptides, SDS-gradient polyacrylamide gel 
electrophoresis was performed. The electrophoressed gel was stained with Coomassie Brilliant 
Figure 20: The level of lipid fractions in various developmental stages of Gastroihylax 
crumenifer. 
Em - indicates eggs containing mature miracidia. 
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Figure 21: The level of RNA and DNA contents in various developmental 
stages of Gastrothylax crumenifer. 
Em - indicates eggs containing mature miracidia. 
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Blue R-250. The analysis of resolved polypeptides revealed that the individual proteins of each 
developmental stage separated into a heterogenous mixture of polypeptides of varying 
molecular weights. A total of 27, 15, 14, 15, 14 and 34 protein bands in fresh eggs (zero 
day eggs), eggs containing mature miracidia (Em), cercariae, metacercariae, immature worm 
(2 mm size, obtained from rumen) and adult Gastrothylax crumenifer, respectively, were 
present. Moreover, some stage specific polypeptides were also observed in the above 
mentioned developmental stages. A total of 8 and 9 specific polypeptides were observed in 
fresh eggs and adult worm with an apparent molecular weight of 17, 36, 40, 45, 53, 57, 70 
and 80 IcDa for fresh eggs and 35, 38, 46, 49, 58, 73, 85, 87 and 90 kDa for adult worm. Em, 
cercariae, metacercariae and immature worms showed only one specific polypeptides with a 
molecular weight of 18.5, 17.5, 16 and 34 KDa respectively. Further, Em and metacercarial 
stages did not reveal any specific polypeptide (Table 9 and Figure 22). 
Besides some fundamental similarities during the development of different larval 
stages under investigation, the protein profile revealed discrete qualitative and quantitative 
differences. On the basis of present data, the polypeptides can be grouped into three 
categories; the first category included 'conserved' polypeptides comprising of those 
polypeptides which were present throughout the development of parasite; the second 
category consisted of 'stage specific' polypeptides which were present only in a particular 
stage of development while the third category included 'variable' polypeptides which 
showed inconsistent presence during the course of development. 
During the present study, polypeptides with apparent molecular weight of 18-20, 
25-29, 55-57 kDa were considered as 'conserved' polypeptides, since these proteins were 
present in all the stages of G. crumenifer during the course of development. The stage specific 
polypeptides for fresh eggs, cercariae, immature and adult stages are shown in Table 9. The 
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Table 9: Summary of the SDS-PAGE results showing different number of polypeptides 
recorded in different developmental stages of Gastrothylax crumenifer. 
Developmental 
Stages 
Total No. of Total No. of Specific 
Polypeptides Polypeptides 
Apparent Molecular 
Weight of Specific 
Polypeptides (in kDa) 
Fresh Eggs 
(0 day eggs) 
Eggs + Mature 
Miracidia (Em) 
Cercariae 
Metacercariae 
Immature (2mm) 
(from rumen) 
27 
15 
14 
15 
14 
8 
1 
1 
1 
1 
Mature 34 
17, 36, 40, 45, 53, 57, 70 
and 80. 
18.5 
17.5 
35,38, 
and 90 
16 
34 
46,49,58, 73, 85, 87, 
Figure 22: SDS-PAGE profile of diflFerent developmental stages of Gastrothylax crumenifer. 
S- indicates standard molecular weight marker proteins, 
A- indicates fresh eggs (zero day eggs), 
B- indicates eggs containing mature miracidia (Em), 
C- indicates cercariae 
D- indicates metacercariae 
E- indicates immature parasite (2mm size) 
F- indicates adult Gastrothylax crumenifer. 
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Em and metacercarial stages did not contain any characteristic polypeptide. The 
polypeptides with an apparent molecular weight of 30, 40, 43 kDa were considered as 
'variable' polypeptides because of their inconsistent appearance in all the developmental 
stages. 
CHAPTER-III 
AMINO ACID UPTAKE IN RUMEN AND LIVER 
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RESULTS 
AMINO ACID UPTAKE: 
The results of kinetic studies are summarized in Tables 10-11 and Figures 23-25. The time 
course study revealed that the uptake of 1.0 mM "*C-glycine was linear over the first 5 min 
of incubation in both the liver and rumen amphistomes. Thereafter, the uptake follows a 
saturation kinetics. Marked differences were observed in the rate of "*C-glycine uptake by G. 
crumenifer and G. explanatum (Figures 23-25). Maximum uptake of amino acid by G. 
crumenifer and G. explanatum were observed when the worms were incubated for 15 and 10 
min respectively. When the amphistomes under study were incubated in different concentrations 
of glycine ranging from 0.2 to 2.0 mM, it was observed that amino acid uptake occurred via a 
mediated process with the involvement of an apparent diffusion component as shown in 
Figures, 24-25. The values for the total amino acid uptake (a) were corrected for diffusion 
component (c) the values were obtained for the mediated uptake (b) were plotted as described 
by Jeffs and Arme (1986). The mediated uptake followed a typical saturation kinetics obeying 
the Michaelis-Menten equation. Various transport constants like K^  and V^ ^^  showing the 
substrate affinity and the velocity were calculated from the Lineweaver-Burk (1934) plot 
prepared from the values obtained for the mediated uptake. 
MICROAUTORADIOGRAPHY: 
The results of microautoradiography revealed that "*C-glycine differentially incorporated 
in different regions and tissues of the amphistomes under study. The intensity of the 
incorporated radioactivity was found to be time dependent (Figures 26-27, Tables 12-13). 
In both the amphistomes, G. explanatum and G. crumenifer, the maximum incorporation 
of the labeled glycine under study was recorded in the tegument from 5 to 10 min chase 
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Table 10: Time lapse study ('•*C-glycine) 
Time (min) G. crumenifer G. explanatum 
2 
4 
5 
10 
15 
20 
25 
0.013 
0.027 
0.017 
0.167 
0.069 
0.055 
0.469 
0.156 
0.209 
0.206 
0.282 
0.194 
0.239 
0.226 
All the values are mean of two replicates. 
The values are expressed in n moles/gm (wet wt.) 
Table 11: Substrate concentration variation ("C-glycine) 
G. crumenifer G. explanatum 
Molarity (mM) 
0.2 
0.4 
0.6 
0.8 
1.0 
1.5 
2.0 
0.001 
0.001 
0.002 
0.005 
0.005 
0.007 
0.009 
0.052 
0.092 
0.170 
0.218 
0.255 
0.340 
0.514 
Values are in n moles / g / min (wet wt.) 
Figure 23: Uptakeof 1.0 mM'^ ^C-glycine by Gastrothylax crumenifer and Gigantocotyle 
explanatum different incubation periods. Each point is the mean of 
two replicates. 
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Figure 24: (A) Uptake of '•*C-glycine by Gastrothylax crumenifer showing the 
mediated uptake (b) obtained from the total uptake (a) values corrected 
for diffusion (c). Each point is the mean of two replicates. 
(B) Lineweaver-Burk plot of mediated uptake of^C-glycine in Gasrwr/iy/ax 
crumenifer. 
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Figure 25: (A) Uptake of '''C-glycine by Gigantocotyle explanatum showing the 
mediated uptake (b) obtained from the total uptake (a) values corrected 
for diffusion (c). Each point is the mean of two replicates. 
(B) Lineweaver-Burk plot of mediated uptake of 'T-glycine in 
Gigantocotyle explanatum. 
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Table 12: Distribution of'*C-glycine in different regions of Gastrothylax crumenifer following 
10 min pulse. 
Organs/Regions Chase Period in minutes 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
Tegument 
Sub-tegument 
Parenchyma 
Oral sucker 
a. Outer lining 
b. Inner lining 
Oesophageal lining 
Intestinal caecae 
Lymph system 
Testes 
Ovary 
Spermatic cord 
Uterine tube 
Egg contents 
Acetabulum 
a. Outer lining 
b. Inner lining 
Ventral pouch 
a. Outer lining 
b. Inner lining 
Vitellaria 
5 10 15 30 45 60 90 
+++ ++ ++ + + + + 
++ +++ +++ ++ + + + 
+ 
+ + + + + + + 
+ + + 
+ + + 
+ + + -
+ + + + 
+ + 
+ + 
+ + -
+ + + + 
+++ : High activity, 
++ : Moderate activity, 
+ : Weak activity, 
: No activity. 
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Table 13: Distribution of '"^C-glycine in different regions of Gigantocotyle explanatum, 
following 10 min pulse. 
Organs/Regions 
1. Tegument 
2. Sub4egument 
3. Parenchyma 
4. Oral sucker 
a. Outer lining 
b. Inner lining 
5. Oesophageal lining 
6. Intestinal caeca© 
7. Lymph system 
8. Testes 
9. Ovary 
10. Spermatic cord 
11. Uterine tube 
12. Egg contents 
13. Acetabulum 
a. Outer lining 
b. Inner lining 
14. Vitellaria 
+++ : High activity, 
++ : Moderate activity, 
+ : Weak activity, 
: No activity. 
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Figure 26: Autoradiograms of JB4 resin sections of Gastrothylax crumenifer 
showing differential in vitro uptake of '"^C-glycine at different chase 
periods following 10 min pulse. Magnification, x 1000 (Figures 1-6). 
Ic:Intestinal caeca, 
Ilu:Intestinl lumen. 
Pa: Parenchyma, 
Stg: Subtegument, 
Tg: Tegument, 
VP: Ventral Pouch 
139 
Figure 27: Autoradiograms of JB4 resin sections of Gigantocotyle explanatum 
showing differential in vitro uptake of''*C-glycine at different chase 
periods following 10 min pulse. Magnification, x 1000 (Figures 1-5). 
Ic: Intestinal caeca, 
Ls; Lymph system, 
Lu: Intestinl lumen. 
Pa: Parenchyma, 
Stg: Subtegument, 
Tg: Tegument, 
Vt: Vitellaria 
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periods. Thereafter, the silver grain concentration indicating the presence of amino acid 
declined over the tegumental region with simultaneous increase in the sub-tegument. In the 
following chase periods the activity appeared in other regions and organs associated, particularly, 
with active protein metabolism. However, the relative distribution of ""^ C-glycine in different 
regions of the rumen amphistome G. crumenifer does not appear to be as strong as in G. 
explanatum and the incorporation in most of the regions takes place in late chase periods 
(Figures 26-27, Table, 12-13). 
Further, it was observed that the amino acid incorporated in the lymph system and 
parenchyma where silver grain density varied with different chase periods indicated metabolic 
utilization. However, after the maximum incorporation in a particular region, the amino acid 
concentration started to decrease during the subsequent chase periods. The '''C-glycine was not 
retained in the parenchymatous region of G. explanatum in 90 min chase period (Figure, 27). 
The amino acid was incorporated in the protein components associated with vitellaria of G. 
explanatum within 10 min of chase period whereas in G. crumenifer, a little longer time period 
was required to reach the activity in vitellaria (Figure 26). The silver grains do not appear in 
the gonads even in the late chase period and the amino acid was also absent in the ovary of G. 
explanatum as well as in G. crumenifer. 
On incubating the parasites for different chase periods the activity disappeared from the 
acetabular region, whereas activity was totally absent in the ventral pouch of the rumen 
amphistome. Similarly, the activity was also not recorded in the gut of the two amphistomes, 
however, in one or two instances, silver grains appeared over the intestinal caecae but oral or 
oesophageal regions were free from such activity. 
Thus, it can be concluded that the amino acid used in the present study is not only 
involved in uptake process but it is readily utilized in different regions and organs of the 
amphistomes and the tegument appeared to be the primary surface through which uptake of 
glycine occurs in both the amphistomes. 
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y-GLUTAMYL TRANSPEPTIDASE (y-GTP): 
The membrane bound enzyme y-GTP plays a key role in the transport of amino acids. In 
the present investigation y-GTP activity was found 
higher in the parasites incubated in presence of "'C-glycine as compared to control worms 
(Table 14). The rumen parasite G. crumenifer showed higher enzyme activity (78.554 n moles 
p-nitroaniline liberated/mg protein/ h) as compared to G. explanatum in which 59.547 n moles 
p-nitroaniline liberated /mg protein/h was recorded. 
GLYCINE TRANSAMINASE(GTA): 
During the present study, effects of'*C-glycine on glycine transaminase was determined 
in the homogenates of incubated worms infecting rumen and liver of water buffalo. 
The results obtained are summarized in Table, 14 which revealed that in the liver 
amphistome, G. explantum glycine transaminase exhibited higher level of enzyme activity 
(0.264 |a moles NADH oxidised / mg/protein /h) as compared to the rumen infecting 
amphistome, G. crumenifer (0.180 i^moles NADH oxidised/mg protein/h). 
It can be concluded from this study that in presence of '"*€- labelled glycine, the 
membrane bound enzyme y-glutamyl transpeptidase (y-GTP) and 2-oxoglutarate linked 
glycine transaminase activities are affected displaying variable response in both the amphistome 
species under investigation. It was recorded that y-GTP was more active in the rumen parasite 
G. crumenifer as compared to the liver parasite G. explanatum while the glycine transaminase 
was predominantly present in the liver amphistome G. explanatum as compared to G. 
cruemnifer. 
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Table 14: The effect of "'C-glycine on the enzyme activity of G. crumenifer and G.explanatum. 
Gigantocotyle explanatum Gastrothylax crumenifer 
Enzymes Incubated Control Incubated Control 
y-GTPi 
GTA + 
59.547 
±0.013 
0.264 
±.010 
50.078 
±0.011 
0.168 
±.017 
78.554 
±0.014 
0.180 
±.011 
59.328 
±0.009 
0.132 
±013 
All the values are mean of two replicates, 
* n moles p-nitroaniline liberated/mg protein/h, 
GTA - indicates glycine transaminase, 
+ |i moles NADH oxidised/mg protein / h, 
±SEM. 
CHAPTER-IV 
PURIFICATION AND CHARACTERIIZATION OF 
SOMATIC PROTEINS OF GASTROTHYLAX 
CRUMENIFER AND GIGANTOCOTYLE EXPLANATUM 
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RESULTS 
PURIFICATION AND CHARACTERIZATION OF SOMATIC PROTEINS OF 
Gastrothylax crumenifer AND Gigantocotyle explanatum: 
(I) Purification of Somatic Proteins of G. crumenifer and G. explanatum: 
Purification of soluble proteins of G. crumenifer and G. explanatum was performed by 
Column Chromatography using Sephadex G-200 gel matrix. Optical density of the eluted 
somatic proteins was recorded and their values were plotted (Figures 28-29). It was observed 
that a total of eight and nine major fractions of G. crumenifer and G. explanatum somatic 
proteins were separated respectively. The fractions hereafter will be referred as F1, F2, F3, F4, 
F5, F6, F7, F8 and F9 (Figures 28-29). In G. crumenifer, the fractions Fl and F7 appeared as 
very prominent and sharp peaks, the F2, F3 and F4 fractions appeared as distinct but short 
peaks while F5, F6 and F8 were observed as broad peaks. Among various fractions of G. 
explanatum, Fl and F2 were observed to be very distinct and sharp, the fractions, F3, F4, F5, 
F6 and F8 were distinct but short while F7 and F9 were broad peaks (Figure 29). The maximum 
C D . value of 2.684 was recorded for the fraction Fl of G. explanatum while fraction F3 gave 
lowest C D . value of 0.426. In G. crumenifer, the highest O.D. value (1.251) was observed for 
the fraction Fl while the lowest O.D. value of 0.303 was recorded for F4 fraction. 
(II) ENZYME LINKED IMMUNOSORBENT ASSAY (ELISA): 
Gastrothylax crumenifer: The individual purified fractions were analyzed via ELISA to 
find out the antibody titres in hyperimmune rabbit sera raised against the whole 
homogenate of G. crumenifer. The reactions of hyperimmune sera with purified fractions of 
G. crumenifer revealed that the F4 exhibited strong antigenic response as indicated by high 
antibody titre (1: 12800 dilution)(Table 15 and Figures 30-31). It is evident from the figures. 
Figure: 28 Elution profile of the soluble proteins of somatic extracts of Gastrothylax 
crumenifer from SephadexG-200 gel filtration column. 
Fl to F8- indicates partially purified fractions. 
145 
Optical Density 
§ P o o o © 
a* 
3 
O 
4». 
O 
o 
00 
o 
o o 
O 
o 
© 
Figure:29 Elution profile of the soluble proteins of somatic extracts of Gigantocotyle 
explanatum from Sephadex G-200 gel filtration column. 
Fl to FP- indicates partially purified fractions. 
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Table 15: Comparative absorbance value of various fractions of G. crumenifer as 
detected by various dilutions of the primary immune sera. 
1:100 1:200 1:400 1:800 1:1600 1:3200 1:6400 1:12800 
Fl 
F2 
F3 
F4 
F5 
F6 
F7 
F8 
All the values are mean of six determinations, ±SEM. 
F1'F8- indicates partially purified fractions. 
1.898 
±.038 
1.891 
±.025 
1.806 
±.077 
1.901 
±.014 
0.728 
±.011 
1.335 
±.017 
1.338 
±.061 
0.648 
±.047 
1.717 
±.035 
1.579 
±.038 
1.830 
±.062 
1.779 
±.013 
0.524 
±.008 
0.856 
±.016 
0.987 
±.014 
0.455 
±.037 
1.396 
±.009 
1.314 
±.026 
1.680 
±.040 
1.502 
±.088 
0.363 
±.029 
0.646 
±.018 
0.750 
±.034 
0.291 
±.030 
1.109 
±.016 
1.084 
±.019 
1.356 
±.036 
1.221 
±.061 
0.337 
±.013 
0.471 
±.012 
0.524 
±.013 
0.186 
±.013 
0.804 
±.012 
0.900 
±.015 
0.742 
±.032 
0.988 
±.062 
0.226 
±.005 
0.339 
±.009 
0.363 
±.011 
0.151 
±.006 
0,581 
±.013 
0.670 
±.010 
0.877 
±.031 
0.754 
±.037 
0.188 
±.003 
0.255 
±.008 
0.286 
±.009 
0.116 
±.004 
0.417 
±.013 
0.502 
±.014 
0.620 
±.029 
0.541 
±.039 
0.163 
±.003 
0.177 
±.005 
0.184 
±006 
0.086 
±.002 
0.311 
±.006 
0,372 
±.008 
0.445 
±.012 
0.451 
±.018 
0.146 
±.003 
0.150 
±.007 
0.145 
±.004 
0.080 
±.006 
Figure:30 Mean ELISA absorbance value of the Sephadex G-200 purified antigens 
of Gastrothylax crumenifer as detected by the various dilutions of the 
rabbit hyprimmune sera. The O.D. values for all the antigens tested is a 
mean of five replicates. 
Fl to F8- indicates partially purified fractions. 
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Figure:31 Mean ELISA absorbance value of the Sephadex G-200 purified antigens 
of Gastrothylax crumenifer as detected by the various dilutions of the 
rabbit hyprimmune sera. The O.D. values for all the antigens tested is a 
mean of five replicates. 
Fl to F8- indicates partially purified fractions. 
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that the absorbance of this particular fraction is well above the cutoff point (0.300 OD) during 
the present study. The antibody titre of fraction F3 was observed more close to F4 while 
fractions F1 and F2 were found more or less similar to each other. Further, it was observed that 
fractions F5 and F8 were least antigenic. The F5 fraction could be detected upto a maximum 
dilution of 1:800 of primary sera while detection of F8 fraction was possible only upto a 
dilution of 1:400 beyond which absorbance value dropped below the cutoff point (Table 15). 
Thus, from the results of ELISA of individual fractions of G. crumenifer it can be concluded 
that the fractions Fl, F2, F3 and F4 appeared to be highly antigenic whereas fractions, F6 and 
F7 were moderately antigenic while fractions F5 and F8 were least antigenic (Table 15). 
Gigantocotyle explanatum: 
In a similar study on the liver amphistome, G. explantum, the hyperimmune sera raised 
against the whole homogenate was used to observe the antibody titre using individual purified 
fractions. The results obtained during this study are summarized in Table 16 and Figures 32-
33. It was found that different purified fractions exhibited varying antigenic potential. Among 
all the fractions, F2 appeared as most antigenic fraction which was detcted upto a dilution of 
1:12800 of primary antisera, followed by fraction Fl which was detected upto a dilution of 
1:6400. The fractions F3,F4 and F6 revealed a similar level of antigenicity and were detected 
upto a dilution of 1:3200. The antigenicity of fraction F7 was detected upto a dilution of 
1:1600 of the primary sera while the antigenic components of F5, F8 and F9 fractions were 
detected only upto 1:800 dilution. It can be concluded that the fraction F2 of G. explanatum 
is highly antigenic in nature, fractions F3, F4 and F6 are moderately antigenic while F5, F8 and 
F9 are least antigenic fractions. 
An overall comparison of antigenicity of the purified fractions of the rumen and liver 
parasites revealed that, in rumen amphistome fraction F4 and in liver amphistome fraction F2 
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Table 16: Comparative absorbance value of various fractions of G. explanatum as 
detected by various dilutions of the primary immune sera. 
Fl 
F2 
F3 
F4 
F5 
F6 
F7 
F8 
F9 
1:100 
1.751 
±.156 
1.942 
±.011 
1.883 
±.293 
1.731 
±.441 
0.844 
±.032 
1.632 
±114 
1.524 
±.127 
0.897 
±.130 
1.065 
±.087 
1:200 
1.082 
±.123 
1.527 
±.043 
1.364 
±.358 
1.764 
±.458 
0.547 
±.037 
1.087 
±.090 
1.066 
±.171 
0.722 
±.063 
0.740 
±.083 
1:400 
0.858 
±112 
1.191 
±.048 
1.125 
±.243 
1.094 
±.276 
0.409 
±.072 
0.759 
±.106 
0.770 
±.118 
0.421 
±.048 
0.491 
±.040 
1:800 
0.666 
±.059 
1.000 
±.082 
0.766 
±.125 
0.691 
±.139 
0.305 
±.029 
0.520 
±.056 
0.521 
±.066 
0.380 
±.011 
0.340 
±.018 
1:1600 
0.523 
±088 
0.850 
±.031 
0.490 
±.112 
0.433 
±.116 
0.240 
±.025 
0.387 
±.039 
0.341 
±.029 
0.262 
±061 
0.240 
±.027 
1:3200 
0.428 
±.064 
0.736 
±.044 
0.355 
±.063 
0.346 
±.048 
0.207 
±.011 
0.303 
±.022 
0.241 
±.040 
0.219 
±.046 
0.186 
±.013 
1:6400 
0.366 
±.039 
0.649 
±.025 
0.270 
±.034 
0.273 
±.047 
0.204 
±.025 
0.233 
±.037 
0.184 
±.028 
0.176 
±.036 
0.152 
±.009 
1:12800 
0.274 
±.035 
0.604 
±.024 
0.246 
±.036 
0.229 
±.047 
0.188 
±.008 
0.220 
±.046 
0.157 
±.019 
0.162 
±.045 
0.134 
±.004 
All the values are mean of six determinations, ±SEM. 
F1-F9- indicates partially purified fractions. 
Figure:32 Mean ELISA absorbance value of the Sephadex G-200 purified antigens 
of Gigantocotyle explanatum as detected by the various dilutions of the 
rabbit hyprimmune sera. The O.D. values for all the antigens tested is a 
mean of five replicates. 
Fl to F9- indicate partially purified fractions. 
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Figure:33 Mean ELISA absorbance value of the Sephadex G-200 purified antigens 
of Gigantocotyle explanatum as detected by the various dilutions of the 
rabbit hyprimmune sera. The O.D. values for all the antigens tested is a 
mean of five replicates. 
Fl to F9- indicate partially purified fractions. 
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were highly antigenic. These fractions reacted with the primary sera beyond a dilution of 
1:12800. Further, the fraction F8 in G. crumenifer and fractions F5, F8 and F9 in G. 
explanatum were of low antigenicity as they were detected by a primary sera dilution of 
1:400 and 1:800 respectively. 
Conclusively it can be stated that three types of antigenic fractions in G. crumenifer and 
G. explanatum were detected which can be referred as "highly antigenic", "moderately 
antigenic" and "low antigenic" fractions. The fractions F l , F2, F3, F4 of G. crumenifer and 
fractions F1,F2 of G. explanatum constitute the "highly antigenic" category. The fraction F7 
of both the rumen and liver amphistomes appeared as "moderately antigenic". While the "low 
antigenic" category comprised effractions F5, F6, F8 of G. crumenifer and fractions F5, F8 , 
F9 of G. explanatum. 
(Ill) SDS-PAGE AND IMMUNOBLOTTING; 
Gastrothylax crumenifer: Results of the silver stained SDS-PAGE gels revealed that each of 
the eight fractions obtained from Sephadex G-200 profile consisted of heterogenous population 
of polypeptides of varying molecular weights and electrophoretic mobility (Table 17 and 
Figure 34). The fraction Fl comprised of 16 bands, some of which were of high molecular 
weights. Fractions F2 and F3 contained 24 and 19 polypeptides respectively, while the 
fractions F4, F5, F6, F7 and F8 each contained 14, 9, 9, 14 and 24 polypeptides, mostly in the 
low molecular weight range. 
Since all of the purified fractions of G. crumenifer reacted positively in ELISA, these 
were subjected to Western blotting after SDS-PAGE . The results revealed that among the 
large number of polypeptides detected by silver staining only few appeared to be antigenic. 
The molecular weight of antigenic polypeptides was found to be in the range of < 14 kDa to 
50 kDa. Further, it was observed that the polypeptides of Mr. 15, 16, 18, 19 and 28 kDa were 
present in most of the purified fractions (Table 18 and Figure 34). 
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Table 17: Summary of the Silver stained SDS-PAGE results of partially purified fractions of 
Gastrothylax crumenifer showing different polypeptides . 
Partially Purified Total No. of Apparent Molecular Weight 
Fractios Polypeptides of Polypeptides (in kDa) 
Fl 16 <29,30,33,36,42,44,48,52,55,56 
58,60,63,70,85 and 98. 
F2 24 <29,32,35,40,45,48,50,52,56,58, 
60,63,65,73,75,85,98,108,115,140 
and 4 polypeptides of >205. 
F3 19 3 polypeptides of<29,30,33,34,38, 
40,45,48,50,55,60,65,75,85,111, 
115and>205. 
F4 14 <29,29,31,32,33,38,43,44,45,52, 
58,73,80 and 85. 
F5 9 2 polypeptides of <29,29,42,49, 
50,56,58 and 75. 
F6 9 3 polypeptides of <29, 30, 42, 43, 
49,52 and 60. 
F7 14 2 polypeptides of <29, 30, 33, 36, 
38,40,43,44,49,50,56,58 and 60. 
F8 24 6 polypeptides of <29, 31, 33, 34, 
35, 36, 37, 40, 42, 43, 44, 45, 48, 
49,56,58,63,65 and 85. 
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Table 18: Summary of the Western blot results of partially purified fractions of 
Gastrothylax crumenifer showing different number of antigenic polypeptides . 
Partially 
Fractios 
Fl 
F2 
F3 
F4 
F5 
F6 
F7 
F8 
Purified Total No. of 
Polypeptides 
2 
5 
3 
4 
3 
3 
3 
4 
Apparent Molecular Weight 
of Polypeptides (in kDa) 
32 and 33. 
17, 19, 24, 28 and 30. 
16, 19 and 28. 
15, 18, 28 and 50. 
15, 18 and 23. 
16, 18 and 49. 
16, 19 and 29. 
<14, 15, 24 and 27. 
Figure:34 
(A) SDS-PAGE profile of fractions Fl, F2, F3, F4, F5, F6, F7 and F8 as revealed by 
silver staining. 
S- indicates standard molecular weight marker proteins (in kDa), 
Lanes 1-8 indicate the eight fractions (F1-F8) obtained from Sephadex G-200 
column. 
(B) Western immunoblotting of F1-F8 fractions'obtained by Sephadex G-200 gel 
fractionation and reacted with serum raised in rabbit against the soluble extracts of 
Gastrothylax crumenifer. 
S - indicates standard molecular weight marker proteins (in kDa), 
C- indicates control, 
Lanes 1-8 indicate the eight purified fractions(Fl-F8). 
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Gigantocotyle explanatum: 
Analysis of SDS-PAGE profile of purified fractions of G. explanatum revealed 
variations in the molecular weight and electrophoretic mobility of protein bands in each 
fraction (Table 19 and Figure 35). The fraction Fl comprised of 18 protein bands in the 
apparent molecular weight range of < 29 kDa to >205kDa. The fractions F2 and F3 contained 
13 and 12 polypeptides respectively in the apparent molecular weight range of < 29 kDa to 102 
kDa. Further, the fractions, F4, F5, F6, F7, F8 and F9 comprised of 3, 3, 3, 2, 1 and 2 
polypeptides respectively in the low molecular weight range of < 29 kDa to 36 kDa. 
To monitor the antigenicity of purified fractions, the SDS-PAGE separated polypeptides 
were then electrophoretically transferred on to a Polyvenyldifluoridie (PVDF) membrane. 
Analysis of the results obtained revealed that among the various polypeptides separated by 
SDS-PAGE , comparatively few were observed to be antigenic. A total of 11, 7, 6, 2, 4, 4, 1 
and 1 antigenic bands were observed in the western blots of Fl , F2, F3, F4, F5, F6, F7, F8 and 
F9 fractions respectively. It was observed that the antigenic polypeptides of all the nine 
fractions were mostly in the low molecular weight range of < 14 kDa to > 94 (Table 20 and 
Figure 3). Further, it was noticed that the antigenic polypeptides of <14, 14, 18, 21-25 and 
34-36 kDa were predominantly present in most of the fractions under study. 
An overall comparison of the SDS-PAGE profile of purified fractions of liver and 
rumen parasites under study, revealed distinct variation in the apparent molecular 
weights, electrophoretic mobility and polypeptide resolution. The purified somatic 
proteins in each fraction, F1-F8, of G. crumenifer were resolved into several protein bands. 
The fractions F2 and F8 of G. crumenifer resolved into 24 polypeptides each whereas 
Fl fraction of G. explanatum was resolved into 18 protein bands. Proteins of high 
molecular weight were predominantly present in fractions F2 and F3 followed by Fl 
and F4 of G. crumenifer (Table 17) while few polypeptides of higher molecular weight 
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Table 19: Summary of the Coomassie stained SDS-PAGE results of partially purified fractions 
of Gigantocotyle explanatum showing different polypeptides . 
Partially Purified 
Fractios 
Total No. of 
Polypeptides 
Apparent Molecular Weight 
of Polypeptides (in kDa) 
Fl 
F2 
F3 
F4 
F5 
F6 
F7 
F8 
F9 
18 
13 
12 
3 
3 
3 
2 
1 
2 
6 polypeptides of <29, 33, 39, 43, 
46, 56, 70, 74, 80, 105 and 3 
polypeptides of >205. 
6 polypeptides of <29, 29, 30, 31, 
32, 43, 74 and 102. 
5 polypeptides of<29,31,35,40,45, 
46,56 and 70. 
29, 32 and 36. 
3 polypeptides of <29. 
3 polypeptides of <29. 
2 polypeptides of <29. 
1 polypeptide of <29. 
2 polypeptides <29. 
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Table 20: Summary of the Western blot results of partially purified fractions of 
Gigantocotyle explanatum showing different number of antigenic polypeptides . 
Partially Purified Total No. of Apparent Molecular Weight 
Fractios Polypeptides of Polypeptides (in kDa) 
Fl 11 19,20,21,22,23,31,34,36,42,55, 
and 70 
F2 7 <14,14,21,26,35,38and85. 
F3 6 <14,14,17,25,35 and >94 
F4 2 <14and42. 
F5 2 34 and 36. 
F6 4 24, 34, 35 and 38. 
F7 4 2 polypeptides of < 14, 22 and 23 
F8 1 18 
F9 1 14 
Figure: 35 
(A) SDS-PAGE profile of fractions Fl, F2, F3, F4, F5, F6, F7, F8 and F9 as 
revealed by silver staining. 
S- indicates standard molecular weight marker proteins (in kDa), 
Lanes 1-8 indicate the nine fractions (F1-F9) obtained from 
Sephadex G-200 column. 
(B) Western immunoblotting of F1-F9 fractions obtained by Sephadex G-200 
gel fractionation and reacted with serum raised in rabbit against the soluble 
extracts ofGigantocotyle explanatum. 
S - indicates standard molecular weight marker proteins (in kDa). 
Lanes 1-9 indicate the eight purified fractions(Fl-F9). 
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were observed in fractions Fl and F2 of G. explanatum (Table 19). It was also observed that 
the total number of low molecular weight polypeptides were higher in the somatic proteins of 
G. explanatum as compared to G. crumenifer. 
Analysis of the immunoblot results revealed that in G. crumenifer, five antigenic 
polypeptides in the range of 17-30 kDa were found in the fraction F2 followed by fractions 
F4 and F8 with 4 antigenic polypeptides each in the molecular weight range of 15-50 kDa and 
<14 - 27 kDa respectively. Fractions F3, F5 and F7 contained 3 antigenic polypeptides each 
inthemolecularweight range of 16-28, 15-23, 16-49 and 16-29 kDa respectively. The fraction 
Fl contained only 2 antigenic polypeptides of 32 and 33 kDa. In comparison to G. crumenifer, 
more antigenic polypeptides were observed in the liver parasite G. explanatum, fraction Fl 
containing 11 antigenic polypeptides in the molecular weight range of 19-70 kDa, followed by 
F2 and F3 which revealed 7 and 6 antigenicpolypeptides in the molecular weight range of <14-
85 and <14->94 kDa respectively. Fractions F4 and F5 each contained 2 antigenic polypeptides 
in the low molecular weight range. There were 4 antigenic polypeptides in each of the F6 and 
F7 fractions while F8 and F9 each, contained only 1 antigenic polypeptide in the low molecular 
weight range of < 14-3 8 kDa. 
It can be surmized from the present finding that the number of antigenic polypeptides was 
higher in G. explanatum purified somatic fractions as compared to the rumen parasite, G. 
crumenifer. Only few high molecular weight antigenic polypeptides were resolved in both the 
rumen and liver parasites. 
CHAPTER-V 
(a) PURIFICATION AND CHARACTERIZATION 
OF ES PROTEINS 
(b) ANALYSIS OF COPROANTIGEN 
163 
RESULTS 
PURIFICATION AND CHARACTERIZATION OF EXCRETORY/SECRETORY (ES) 
PROTEINS OF GASTROTHYLAX CRUMENIFER AND GIGANTOCOTYLE 
EXPLANATUM: 
(I) Purification of ES proteins of G.crumenifer and G. explanatum: 
The ES products obtained following the in vitro incubation of both G. crumenifer and 
G. explanatum were subjected to Sephadex G-200 Column Chromatography. The eluted 
samples were analyzed and it was found that the ES products of both the parasites separated 
into three distinct fractions (referred hereafter as F l , F2 and F3) with two prominent peaks 
(Figures 36-37). The fractions Fl and F3 o^G.crumenifer were sharp peaks, Fl showing a 
higher C D . value of 0.638 as compared to F3 which had an C D . value of 0.597. In G. 
explanatum also the fractions Fl and F3 also appeared as prominent and sharp peaks. The C D . 
value of both Fl (0.846) and F3 (1.683) peaks were found to be greater as compared to the 
fractions of G. crumenifer. The fraction F2 in both the parasites appeared as a flat and broad 
region. 
(II) Enzyme linked immunosorbent assay (ELISA): 
The antibody titre against the fractions F l , F2 and F3 of both rumen and liver parasites 
was analysed by ELISA using the hyperimmune sera raised in rabbit against the ES products 
of both G. crumenifer and G. explanatum. The results obtained are as follows: 
Gastrothylax crumenifer: 
The reactions of hyperimmune sera with purified fractions of G. crumenifer revealed 
maximum antigenicity of fraction Fl at a dilution of 1:50 of the hyperimmune sera followed 
Figure: 36 Elution profile of the soluble proteins of ES products of Gastrothylax 
crumeniferfrom Sephadex G-200 gel filtration column. 
Fl to F3- indicates partially purified fractions. 
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Figure: 37 Elution profile of the soluble proteins of ES products of Gigantocotyle 
explanatum from Sephadex G-200 gel filtration column 
Fl to F3- indicates partially purified fractions 
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by F3 and F2 (Figures, 38-39 and Table 21). The reaction of hyperimmune sera with Fl 
continued upto a dilution of 1: 25600 of the primary antisera while F2 and F3 fractions were 
detected only upto a serum dilution of 1: 200 and 1: 400 respectively. Thus, F1 indicated strong 
antigenicity while F2 and F3 appeared as a weak antigenic fractions. 
Gigantocotyle explanatum: 
The Fl fraction of G. explanatum was found to be highly antigenic as revealed by high 
antibody titre (Table 20 and Figures 40-41). Further, it was noticed that both Fl and F2 
fractions were detected up to a maximum dilution of 1: 25600 of hyperimmune sera while F3 
was detected only upto a test sera dilution of 1: 400. TheO.D. valueof 0.180 was determined 
to be the cut off point for all the ES fractions of G. crumenifer and G. explanatum during the 
present study. Values below the cut off point were not considered. 
An overall comparison of the ELISA results of the ES products of G. crumenifer and G. 
explanatum revealed that fraction F1 of both the parasites was highly antigenic reacting with 
hyperimmune sera upto a dilution of 1:25600 while F2 and F3 appeared as low antigenic 
fractions. 
SDS-PAGE and Western Blotting: 
Gastrothylax crumenifer: 
The results of SDS-PAGE profile revealed that each of the purified fractions (F1-F3) 
were comprised of a varying number of polypeptides in the apparent molecular weight range 
of < 14 to 165 kDa (Table 23 and Figure 42). Among the three ES fractions, fraction Fl , eight 
polypeptides with apparent molecularweightof< 14 (4 polypeptides) 41, 56, 105 and 165 kDa 
were resolved F2 revealed a maximum number of 12 polypeptides with molecular weights 
of<14 (3 polypeptides), 15, 16, 17, 18, 38,44,46, 50 and HlkDa, while fraction F3 consisted 
of four polypeptides of <14 kDa molecular weight. Further, the PAGE profile 
revealed that among the various resolved polypeptides, only two polypeptides (105 and 165 
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Table 21: Comparative absorbance value of various fractions of G. crumenifer as detected 
by various dilutions of the primary immune sera. 
1:50 1:100 1:200 1:400 1:800 1:1600 1:3200 1:6400 1:12800 
Fl 1.946 1.912 1.878 1.790 1.620 1.276 0.954 0.675 0.454 
±.175 ±.181 ±.138 ±.102 ±.096 ±.087 ±.057 ±.039 ±.012 
F2 0.324 0.243 0.188 0.131 0.088 0.055 0.024 0.011 0.015 
±.018 ±.008 ±.019 ±.020 ±.022 ±.014 ±.010 ±.005 ±.009 
F3 0.506 0.386 0.278 0.181 0.110 0.054 0.033- 0.017 0.019 
±.061 ±.040 ±.026 ±.010 ±.017 ±.018 ±.012 ±.006 ±.007 
Figure:38 Mean ELISA absorbance value of the Sephadex G-200 purified antigens 
of Gastrothylax crumenifer as detected by the various dilutions of the 
rabbit hyprimmune sera. The O.D. values for all the antigens tested is a 
mean of five replicates. 
Fl to F3- indicates partially purified fractions. 
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Figure: 39 Mean ELISA absorbance value of the Sephadex G-200 purified antigens 
of Gastrothylax crumenifer as detected by the various dilutions of the 
rabbit hyprimmune sera. The O.D. values for all the antigens tested is a 
mean of five replicates. 
Fl to F3- indicates partially purified fractions. 
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Table 22: Comparative absorbance value of varius fractions of G. explanatum as detected by various 
dilutions of the primary immune sera. 
1;50 1;100 1;200 1:400 1;800 1;1600 1:3200 1;6400 1:12800 
Fl 1.762 1.631 1.567 1.513 1.403 1.026 0.871 0.606 0.535 
±.150 ±.184 ±.104 ±.052 ±.082 ±.185 ±.071 ±.038 ±.056 
F2 1.153 0.897 0.721 0.562 0.431 0.310 0.240 0.212 0.192 
±.034 ±.051 ±.021 ±.034 ±.029 ±.021 ±.016 ±.011 ±.009 
F3 0.328 0.245 0.221 0.184 0.165 0.158 0.150 0.145 0.150 
±.025 ±.020 ±.015 ±.011 ±.005 ±.013 ±.008 ±.009 ±.006 
Figure:40 Mean ELISA absorbance value of the Sephadex G-200 purified antigens 
of Gigantocotyle explanatnm as detected by the various dilutions of the 
rabbit hyprimmune sera. The O.D. values for all the antigens tested is a 
mean of five replicates. 
Fl to F3- indicates partially purified fractions. 
171 
Optical Density 
p O i ND en 
o 
Vi 
• • • 
Figure:41 Mean ELISA absorbance value of the Sephadex G-200 purified antigens 
of Gigantocotyle explanatum as detected by the various dilutions of the 
rabbit hyprimmune sera. The O D. values for all the antigens tested is a 
mean of five replicates. 
Fl to F3- indicates partially purified fractions 
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Table 23: Summary of the Silver stained SDS-PAGE results of partially purified ES fractions 
of Gastrothylax crumenifer showing different polypeptides . 
Partially Purified 
Fractios 
Total No. of 
Polypeptides 
Apparent Molecular Weight 
of Polypeptides (in kDa) 
Fl 4 polypeptides of <14,41,56,105, 
and 165. 
F2 12 3 polypeptides of < 14, 15, 16, 17, 
18, 38, 44, 46, 50 and 141 kDa 
F3 4 polypeptides of <14 kDa. 
174 
Table 24: Summary ofthe Western blot results of partially purified E fractions of Ga5^ro?/iy/ax 
crumenifer showing different antigenic polypeptides . 
Partially Purified 
Fractios 
Total No. of 
Polypeptides 
Apparent Molecular Weight 
of Polypeptides (in kDa) 
Fl 2 polypeptides of <14, 34 and 45 
F2 9 4 polypeptides of < 14, 18, 19,23, 
28 and 33. 
F3 4 polypeptides of< 14 kDa, 16 and 
33. 
Figure: 42 
(A) SDS-PAGE profile of fi-actions F l - F 3 as revealed by silver staining. 
S- indicates standard molecular weight marker proteins (in kDa), 
Lanes 1-3 indicate the nine fi-actions (F1-F3) obtained fi-om Sephadex G-
200 column. 
(B) Western immunoblotting of F1-F3 fractions obtained by Sephadex G-200 
gel fractionation and reacted with serum raised in rabbit against the soluble 
extracts ofGastrothy/ax crumenifer. 
S - indicates standard molecular weight marker proteins (in kDa). 
Lanes 1-3 indicate the eight purified fractions(Fl-F3). 
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kDa) in fraction Fl and one polypeptide (141 kDa) in fraction F2 were of high molecular 
weight while the remaining polypeptides in all of the fractions were observed to be of low 
molecular weight (<14 to 56 kDa). 
The Western blot analysis revealed a total number of 4 antigenic polypeptides in the 
fraction FI, 9 polypeptides in fraction F2 and 6 polypeptides in fraction F3. It was further 
observed that all of the antigenic polypeptides detected by the hyperimmune sera appeared in 
the low molecular weight range (< 14 to 36 kDa). In fraction Fl the antigenic polypeptides of 
M^< 14, 34 and 45 kDa antigenic polypeptides, whereas in F2 fraction, 4 polypeptides of <14, 
18, 19, 23, 28 and 33 kDa and in F3 fractionthe antigenic polypeptides of M^ <14, 27, 49 and 
65 kDa were observed (Table 24 and Figure 42). 
Gigantocotyle explanatum: 
In the liver parasite G. explanatum, the three purified fractions (F1-F3) were found to 
contain different number of polypeptides. The fraction Fl comprised of of 11 polypeptides 
followed by fraction F2 (10 polypeptides) and F3 (9 polypeptides). In the fraction Fl , three 
polypeptides of high molecular weight (>205x2 and 106 kDa) were observed while in rest of 
the fractions, low molecular weight polypeptides (<14 to 65 kDa) were predominantly resolved 
(Table 25 and Figure 43). 
Analysis of Western blot results revealed seven antigenic polypeptides (<14, 21, 25, 28, 
36, 60 and 76 kDa) in fraction Fl followed by F3 with six antigenic polypeptides (<14 x 2, 15, 
16, 25 and 32 kDa) and fraction F2 with four antigenic polypeptides (<14 x 2, 18, 96 
kDa)(Table 26 and Figure, 43). A polypeptide of higher molecular weight (96 kDa) appeared 
in fraction F2 while in both Fl and F3 the antigenic polypeptides were in the low molecular 
weight range (<14 to 76 kDa). 
COPRO ANTIGEN ANALYSIS: 
(I) Enzyme Linked Immunosorbent Assay (ELISA) of buffalo faecal Sample: 
The coproantigen tests using faecal samples from naturally infected buffaloes with G. 
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Table 25: Summary of the Silver stained SDS-PAGE results of partially purified ES fractions 
of Gigantocotyle explanatum showing different polypeptides . 
Partially Purified 
Fractios 
Total No. of 
Polypeptides 
Apparent Molecular Weight 
of Polypeptides (in kDa) 
Fl 11 3 polypeptides of < 14, 16,25,35, 
40, 60, 106 and 2 polypeptides of 
>205. 
F2 10 5 polypeptides of < 14, 16, 17, 32, 
46 and 57. 
F3 6 polypeptides of <14, 49 and 65. 
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Table 26: Summary of the Western blot results of partially purified E fractions of G/gawtocojy/e 
explanatum showing different antigenic polypeptides. 
Partially Purified 
Fractios 
Total No. of 
Polypeptides 
Apparent Molecular Weight 
of Polypeptides (in kDa) 
Fl <14, 21, 25, 28, 36, 60, 76. 
F2 2 polypeptides of <14, 18 and 96. 
F3 2 polypeptides of < 14 kDa, 15, 16 
25 and 32. 
Figure: 43 
(A) SDS-PAGE profile of fractions F l - F 3 as revealed by silver staining. 
S- indicates standard molecular weight marker proteins (in kDa), 
Lanes 1-3 indicate the nine fractions (F1-F3) obtained from Sephadex G-
200 column. 
(B) Western immunoblotting of F1-F3 fractions obtained by Sephadex G-200 
gel fractionation and reacted with serum raised in rabbit against the soluble 
extracts o^Gigantocotyle explanatum. 
S - indicates standard molecular weight marker proteins (in kDa). 
Lanes 1-3 indicate the eight purified fractions(Fl-F3). 
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crumenifer and G. explanaium showed an interesting result. The sample was considered 
positive for G. crumenifer and G. explanatum coproantigens if their O.D. value was higher than 
the cut-off point (O.D. value 0.3). Fourteen out of 20 samples (70%) were found to contain 
detectable levels of coproantigens (O.D. value 0.3) as tested by ELISA. However, variation in 
the level of coproantigens was noticed among the animals tested positive for these parasites. 
The present findings suggest that 35% of this buffalo population had elevated concentration 
of coproantigens in their stool as detected by 1: 20480 dilutiuon of anti ES-G. crumenifer 
primary serum. Other buffaloes (3 5%) demonstrated a moderate concentration of coproantigens. 
where the anti- G. crumenifer primary serum dilution was 1; 10240. The remaining buffaloes 
(30%) tested negative for coproantigen of G. crumenifer (Figure 44). The result for G. 
explanatum coproantigen detection suggested a lower concentration of these antigens in the 
faeces. Coproantigens of G. explanatum were found in 75% bufallo samples. The anti-ES of 
G. explanatum antisera detected 45% buffaloes at the maximum dilution of 1: 640. It was also 
observed that 30% of the buffaloes had a comparatively low level of coproantigens in the faeces 
which was detected by anti-ES of G. explantum at a dilution of 1; 80. The remaining 25% of 
these buffaloes were negative for coproantigen (Figure 44). 
(II) Immunodot Analysis of buffalo Faecal Sample: 
The immunodot assay of the 20 buffalo faecal samples for coproantigens of G. crumenifer 
indicated that 45% reacted very strongly with anti-ES hyperimmune sera. This can be seen 
from the intensity of the spots appeared in the immunodot assay (Figure, 45). The faecal 
supernatants of buffalo number 7, 13, 14, 15, 18, 19 and 20 showed moderate 
reaction in immunodot while those of 2, 4, 8 and 10 buffaloes did not react with anti-ES of G. 
crumenifer indicating that these animals lack the coproantigen of this parasite. In the case of 
G. explanatum again the results of immunodot were interesting (Figure 45). It was observed 
Figure: 44 Absorbance value of coproantigens of Gastrothylax crumenifer and 
Gigantocotyle explanatum as detected by 1:80 dilution of the test sera. The 
O.D. values for all the faecal samples tested is a mean of five different 
replicates. Each bar indicates individual buffalo faecal sample. 
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Figure: 45 Immunodot analysis of the coproantigens of Gastrothylax crumemfer 
(A) and Gigantocotyle explanatum (B) coUeceted from buffaloes 
Bar 1-20 indicate the number of animals from which the faecal 
supernatants were collected and used as antigen 
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that a total of 65% buffaloes tested positive for coproantigens of G. explanatum in their faecal 
supernatant. But sample 10, 11, 15, 16, 17 and 19 reacted strongly with the anti sera. The 
intensity of the reaction can be seen from the immunodot spots (Figure, 45). Faecal samples 
from buffalo number 4, 6, 9, 12, 13, 14 and ISreacted moderately with the anti-ES antisera 
indicating lower level of coproantigens while sample number 1, 2, 3, 5, 7, 8 and 20 did not 
show any reaction as tested by immunodot assay. 
Comparison of ELISA and Immunodot Assay: When the results of coproantigen analysis of 
20 buffaloes faecal supernatant were compared, it was observed that ELISA detected 
coproantigen of both the parasites in 75% of the buffaloes while immunodot gave positive 
response with 80% and 65% of faecal supernatant for G. crumenifer and G. explanatum 
respectively. 
(Ill) Counter Current Immunoelectrophoresis (CCIEP)of Buffalo Faecal Sample: 
In order to further confirm the results of ELISA and immunodot and to check the 
specificity of these tests the CCIEP of all the 20 faecal supernatant was performed for G. 
crumenifer and G. explanatum coproantigens. It was observed that only those faecal supernatants 
which gave a very high O.D. value in ELISA or intense reaction in immunodot, reacted 
positively in CCIEP. Those samples which showed lower O.D. value in ELISA and weak 
reaction in immunodot, did not react positively in CCIEP with anti-ES antisera. The differences 
in CCIEP of G. crumenifer and G. explanatum is that two and one precipitation arc was 
observed (Figure, 46). The negative samples in ELISA and immunodot did not react in CCIEP 
thereby confirming the previous results. 
Figure: 46 Countercurrent immunoelectrophoresis of Gastrothylax crumenifer (A) 
and Gigantocotyle explanatum (B) faecal antigens demonstrating the 
characteristic two and one bands of precipitin. 
a: well - anti ES rabbit antisera, b: well- faecal supernatant. 
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DISCUSSION 
BEHAVIOURAL STUDIES: 
During the present investigation, a series of behavioural studies were carried out 
comprising chemoresponse by miracidia, colour and vegetation preference by cercariae 
and exystation process by metacercariae of the rumen infecting amphistome parasite 
Gastrothylax crumenifer. 
The behavioural pattern of miracidia in response to a number of chemicals, revealed vari-
ations in the swimming pattern as well as in the total number of contacts to agar blocks. It was 
observed that among the test chemicals used, the majority of miracidia were attracted to 
aspartic acid followed by alanine, lactic acid, arginine, glucose and valeric acid while 
among tissue homogenate of snails, the majority of miracidia were attracted to their inter-
mediate host Gyraulus convexiusculus followed by /. exustus, L. luteola and V. 
bengalensis. The swimming pattern of miracidia exhibited chemo-klinokinesis, 
chemotropotaxis, dipping response, body parallel movement and penetrating effect. The 
interpretation of these behavioural patterns during the present study were based on the 
behavioural categories proposed by Frankel & Gunn (1961). Extensive studies to 
chemoresponse of S. mansoni miracidia have been carried out by Maclnnis (1965). The 
author (loc.cit.) reported that a few amino acids, short-chain fatty acids and sialic acid 
attract and stimulate penetration to agar pyramids. It was shown that the miracidia of <S. 
mansoni were attracted or stimulated by aspartic acid and other amino acids tested with 
the exception of alanine and arginine which elicited very little activity. The attraction or 
stimulation was indicated as an increased wig wag and turn at a distance movement. In 
later studies (Wright & Ronald, 1972, Maclnnis et al., 1974, Maclnnis 1976, Prechel et 
al. 1976) certain amino acids have also been reported to act as miraxone or 
miracidial stimulant. Keshavarz-Valian et al. (1981) observed that among all the amino 
acids tried with Philopthalmus gralli, the most stimulatory were aspartic and 
glutamic acids at 1 mM and 10 mM concentrations. They also found that the miracidial 
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behaviour was klinokinetic rather than chemotactic in contact and return (CR) to agar 
blocks and phi-chamber test systems. The klino-kinetic mechanism of miracidial 
responses to various snail attractants have also been implicated in several species of 
trematodes including M temperatus (Prechel & Nollen, 1979), S. haematobium (Schiff & 
Kriel, 1970), S. matheei (Kinotic, 1968) and S. douthitti (Wright & Ronald, 1972). In a 
recent study, Nollen (1990) compared the chemoresponse of two closely related species 
P. megalurus and P. gralli and found major differences between the chemosensitivity of 
the two species. He observed that the miracidia of P. megalurus did not respond posi-
tively at 1 mM for aspartic and glutamic acids as compared to P. gralli (Keshavarz-Valian 
et al. 1981) except the aspartic acid which elicited a significant response by P. megalurus 
miracidia. In other studies, S. mansoni and M. temperatus miracidia have been shown to 
be highly responsive to aspartic, glutamic and sialic acids in CR trial (Maclnnis, 1965, 
Prechel et al. 1976). Variations in the miracidial, chemoresponse by using several test 
systems reflects that various species of miracidia may react differently to a given chemi-
cal (Keshavarz-Valian et al., 1981) and it appears that a variety of cues for host finding 
are present in the substances emitted by snails (Saladin, 1979). Chemical attraction to 
valeric and sialic acids was observed by Maclnnis (1965) which he concluded that at-
tracting chemicals considerably increase a miracidium's chance of contacting the pyramid. 
Wilson & Denison (1970) determined the effect of short-chain fatty acids on the rate of F. 
hepatica miracidial turning. These authors found that the fatty acids C6-C10 caused a 
significant increase in angle turned while the valeric acid (C5) did not cause any signifi-
cant increase in turning. The present data revealed moderate attraction of G. crumenifer 
miracidia to valeric acid while the glucose impregnated block attracted the miracidia 
considerbly. Behavioural changes of G. crumenifer miracidia in response to tissue 
homogenates of a number of snail species have also been observed during the present 
investigation. The overall comparison of the data indicated that the test chemicals impreg-
nated in agar blocks were more effective as compared to the tissue homogenates of snails 
as chemo attractants. Maclnnis (1965) has also observed the effectiveness and suitability 
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of chemically impregnated pyramid in attracting and stimulating the miracidia as com-
pared to live snails. Attraction / stimulation of F. magna and S. mansoni miracidia in 
presence of whole ground snail extract has also been reported (Campbell & Todd, 1955a, 
Campbell, 1961, Davenport et al. 1962). In the present study it was observed that maxi-
mum number of miracidia of G. crumenifer were attracted to their intermediate host 
Gyraulus convexiusculus (total homogenate impregnated agar blocks). The miracidia were 
also attracted moderately to other snail species. Some other workers reported that the 
miracidia of F. hepatica (Takahashi, 1927) and F. huski (Ishii, 1934) swarmed largely to 
their original host rather than the other snails kept in the same bottle. Contrary to this, the 
miracidia of Paragonimus ohiari did not show any remarkable difference between origi-
nal snail host and other snail species (Kawashima et al. 1961). These authors observed 
that the miracidia of P. ohiari showed positive response to every snail which lead to 
conclude that these miracidia would invade the snails if they get an ecological chance to 
do so. Further, Kawashima et al. (1961) also observed that the miracidia of P. ohiari 
showed positive response not only to living Assintineajaponica but also to its homogenates 
and amino acid mixtures. Etges and Decker (1963) reported that more S. mansoni miracidia 
accumulated in the presence of crushed or whole Australorbis glabratus than in the pres-
ence of 'sham' snails in a choice chamber. Some investigators concluded that chemical 
attraction of miracidia to the snail does not occur. Stunkard (1943) and Abdel-Malek (1950) 
concluded that contact between snails and miracidia occur by chance. Barbosa (1960) and 
Chernin & Dunavan (1962) also concluded that miracidia were not attracted to the normal 
snails by a specific chemotactic stimulus but contact was a chance phenomenon invading 
abnormal host as well. In some cases the miracidia even penetrate and begin development 
in abnormal hosts (Newton, 1952, Brooks, 1953). 
During the present investigation, colour response of G. crumenifer cercariae was deter-
mined. The data revealed that maximum number of cercariae preferred day light (white light) 
for the encystment. This was followed by yellow, green and black colours while the red colour 
was poorly responded by the cercariae. Other workers have reported photo as well as 
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geo responses by miracidia and cercariae. Kennedy (1979) determined photo response 
and georesponse of miracidia and cercariae of Bunodera mediovitellata by using vertical 
glass tubes and arm-test chambers. Both the miracidia and cercariae revealed a phototactic 
response even to the lowest light intensity. Response of these larval stages to different 
wave lengths was also recorded which revealed that the cercariae gave a single 
response peak at 550 nm (blue-green range) while miracidia showed two peaks at 550 nm 
and 650 nm (Kennedy, 1979). Miracidia ofS. douthitti were attracted to a wave length of 
550 nm in the blue-green range (Wright, 1971) while the miracidia of S. mansoni re-
sponded to two wave lengths of 525 (green colour) and 650 nm (red colour) (Wright, 
1974). Miracidia that exhibit two peak responses typically have eye spots, while those 
with a single peak response do not. It has also been reported that the light reactions for 
these organisms have maximum sensitivity between 470 nm (light blue) and 530 nm and 
the sensitivity falls off more rapidly towards the longer wave lengths than towards the 
shorter ones (Steven, 1963). The poor sensitivity to red colour during the present investi-
gation is similar to the observation as described by Steven (1963). 
During the present investigation, a series of experiments were designed to work out 
suitable in vitro conditions for the excystment of G. crumenifer metacercariae. A number 
of combinations of pH and temperature of the normal saline were prepared and the 
metacercariae were incubated for a varying period of time but none of the steps could 
trigger the process of excystation. Further, the effect of osmolarity using distilled water, 
tap water and pond water was checked which failed to induce any stimuli for the excystation 
process. Various concentrations (0.5-1.5%) of pepsin, again could not trigger the 
metacercarial excystation. The bile salt Na-glycotaurocholate and natural biles of buffalo 
and dog produced triggering effect in the excystation process. It was observed that the 
metacercariae excysted earlier in dog bile as compared to bile obtained from buffalo, 
during the present study. The difference in the excystation time might be due to the differ-
ences in the concentration of various components of bile of herbivores and carnivores. It 
is very difficult to assign any concrete reason at this stage. However, further studies are 
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required in this direction. The present data on excystation and reports of other workers 
reveal that the process of excystation can not be generalized, it differs from species to 
species. The process may be either passive or active depending upon the physico-chemi-
cal cues. Previously the excystation was considered as a passive process and the 
active movements of the metacercariae during the excystation were not correlated with 
the process (Faust & Khaw, 1927, Hsu & Wang, 1938). A number of parameters have been 
used to observe the excystation of metacercariae. The metacercariae oiClonorchis sinensis 
and Apatemonpellucidis required pretreatment in gastric juice before excystment occured 
in intestinal juice (Faust & Khaw, 1925, 1927, Hoffman, 1959). Cryptocotyle lingua, a 
parasite offish-eating birds, showed optimal excystment in gull intestinal juice (Stunkard, 
1930, McDaniel, 1966), species parasitic in birds. Parorchis acanthus and 
Posthodiplostomum minimum excyst more rapidly at 42°C than 37''C (Fried, 1970, Fried 
& Roth, 1974) and the only excystation stimulus for P. gralli is an increase in temperature 
with an optimum range of 39-45°C (Cheng & Thakur, 1967). The search for the absolute 
requirements for the excystment of several trematodes has been unsuccessful although the 
relative conditions under which metacercariae activate are known (Lackie, 1975). The 
effects of temperature, pH, pepsin, trypsin and bile when examined together and sepa-
rately, contributed towards the excystment of metacercariae of Crptocotyle lingua and it 
was concluded that none of these chemical or physical conditions was an absolute re-
quirement since the abscence of any one of them did not completely stop excystment 
(McDaniel, 1966). The lack of absolute requirements for excystment has also been dem-
onstrated in several other trematodes (Oshima et al. 1958, Ching, 1963, a, b, Erasmus & 
Bennett, 1965, McDaniel, 1966, Howell, 1970). The metacercariae of Paragonimus 
westermani excyst at an optimal range of temperature, pH and osmotic pressure but the 
rate and percentage of excystation is enhanced in presence of bile salts (Oshima et al. 
1958). Bile or bile-plus-trypsin has been shown to initiate or enhance excystment in many 
trematode species (Lackie, 1975). Sodium cholate (0.05%) activates the metacercariae of 
Echinoparyphium serratum but the worm does not break out of the cyst wail until it has 
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been digested by the pepsin and trypsin (Howell, 1970). On the other hand the metacercariae 
of C. sinensis, do not require bile to excyst and the excystment occurs in vivo in rabbits 
with ligatured bile ducts (Wykoff & Lepes, 1957). Nevertheless, bile has been shown to 
enhance excystation by increasing muscular activity in several trematodes, including 
Zygocotyle lunata (Fried et al. 1978), Himasthla quissetensis (Kirschner & Bacha, 1980), 
M. arenaria (Irwin, 1983) and Cloactrema michiganensis (Leflore & Bass, 1983). Bile 
salts that do not possess an aromatic structure identical to cholic acid (i.e. lithocholic, 
deoxycholic and chenocholic acids) were ineffective in stimulating emergence (Sukhdeo 
& Mettrick, 1986). Glycine conjugated bile salts were more effective at stimulating emer-
gence behaviour than taurine conjugated bile salts and optimum emergence occurred after 
treatment with cholic acid conjugated to glycine. 
Control of all the behavioural activities lies in the nervous system.The nervous sys-
tem of the platyhelminths is poorly understood and only now the details of 
neuroanatomy and neuro cytology (Fairweather & Threadgold, 1983, Lumsden & Hildreth, 
1983, Halton & Chappell, 1996) are emerging. Previously, the nervous system of 
platyhelminths was considered to be degenerate and of marginally significant but the re-
cent studies have emphasized its significance in the biology of these animals (Pax & Bennett, 
1992). It has been realized that the nervous system in the parasitic platyhelminths may 
play a major role in many aspects of their biology (Fairweather & Halton, 1991). Studies 
on the reception of chemical stimuli in trematodes are sparse (Kemp & Devine, 1982). 
The scanning electron microscopy (SEM) and light-level silver staining studies have 
shown that larval and adult digeneans have various types of sensory papillae and that 
uniciliate and multiciliate papillae probably play role in chemoreception (Hoole & Mitchell, 
1981, Fried & Fujino, 1984). A significant study on the neurophysiology of flatworms has 
also been carried out by Keenan & Koopwitz (1982). Histological and morphological 
studies have revealed that the miracidia is well supplied with a battery of mechano-
receptors, chemoreceptors, photoreceptors and gravity receptors connected to a neural 
network that includes a'brain'(Wilson, 1970, Fluks e/a/., 1975). Brains and behaviour 
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are intimately connected and a full understanding of the functions of an organism's nervous 
system can not be achieved without an understanding of its behavioural biology (Sukhdeo, 
1992). The author (loc.cit) suggested that the neuroethological approaches may hold the 
key to understanding the biology of platyhelminths. The behavioural patterns of cercariae 
have been shown to possess highly coordinated integrative nervous system with complex 
neurochemical signalling mechanisms, which is confirmed by neuroanatomical, 
neurophysiological, cytological and biochemical studies (reviewed by Sukhdeo & Mettrick, 
1987, Gustafsson, 1988, Halton et al, 1990, Halton & Chappell, 1996). 
In view of the importance of parasite behaviour and their close interaction with nerv-
ous system, "behavioural parasitology" has been proposed as a separate discipline (Saladin, 
1979) which would combine ethology, sensory physiology and parasitology. Tinbergen 
(1963) has suggested that familiarity with an organism is essential before problems can 
be attacked by experimentation. This suggestion is important for a better understanding of 
chemical communication in trematodes (Fried, 1986). The study of platyhelminth 
neurobiology will only advance when the approach that integrates behavioural analysis 
with neurobiology (Sukhdeo & Mettrick, 1987). Recently, Geary et al. (1992) have sug-
gested three areas of future research on the neurobiology of the parasitic worms, which 
comprise, basic research into the physiology and biochemistry of neuromuscular function 
in parasites, second area is the judicious use of drugs as tools to define important receptors 
and ion channels in parasitic helminths and finally, the application of recombinant DNA 
techniques for the cloning of parasite receptors and ion channels which can be expected 
to lead rapid progress. Thus, an integrated approach using modern techniques will pro-
mote the 'behavioural parasitology' as a separate discipline. 
192 
PATHOPHYSIOLOGICAL STUDIES: 
The results obtained during the present investigation revealed that the infec-
tions caused by larval trematodes induced metabolic alterations in the hepatopancreas as 
well as head and foot tissues of the snail Gyraulus convexiusculus as compared to the 
normal snail. It was observed that the protein and glycogen contents of infected 
tissues were elevated while total lipid depleted drastically in both infected 
hepatopancreas and head & foot tissues of the snail, under study. Among the lipid 
fractions, free fatty acids and phospholipids were found to be elvated while the 
level of cholesterol was reduced in infected tisuues. Further, the nucleic acids 
increased in parasitized hepatopancreas while the level of both the nucleic acids 
reduced in the infected head & foot tissues of the snail under study. Besides these 
biochemical components, the enzymes acid and alkaline phosphatase as well as GOT and 
GPT were found to be elevated in the parasitized snail tissues as compared to the normal 
hepatopancreas and head & foot. 
In general, the protein and glycogen contents are depleted in infected tissues of 
gastropods (Gilbertson et al. 1967; Moore & Halton, 1973; Ishak et al. 1975; Krishna & 
Simha, 1977) but during the present investigation, both the macromolecules were elevated 
by 2 folds each, in infected tissues of hepatopancreas. Most of the studies concerning 
parasitic stress on the glycogen level of molluscs have revealed depletion in the level. 
However, Dennis et al. (1974) reported that a seasonally modulated glycogen cycle operates 
in two mussel species Mytilus edulis and Proctoeces maculatus with no significant difference 
in the infected and uninfected mussels. The glycogen levels may be higher in infected rather 
than unifected mantle or vice versa but the glycogen content in the hepatopancreas of infected 
mussel was observed always less as compared to normal mussels (Dennis et al. 1974) 
which have been correlated with the high level of acid phosphatase and its involvement in 
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carbohydrate metabolism in the form of large deposits of glycogen in tissue section. In the 
present study we have observed high level of both glycogen and acid phosphatase in 
hepatopancreas as well as head and foot tissues. Fluctuations in the glycogen level have 
also been observed in laboratory animals during the experimental infection. Infection with 
F. hepatica has been observed to reduce the glycogen and blood sugar values in these 
laboratory animals (like rabbit, guniea pigs) while an increased glycogen deposition 
occurs in liver cells of Schistosoma japonicum-'mfected mice (Sawadae/a/. 1956), 
and Shsitosoma bovis, which also leads a distinct and prolonged increase in blood sugar 
of lambs (Lengy, 1962). The glycogen content of muscle cells penetrated by Trichinella 
larvae increase initially, but the cells lose later on all their polysaccharide (Zarzycki, 
1956). 
During the present study, an increase in the level of protein was observed in the 
infected hepatopancreas as well as head & foot tissues of Gyraulus convexiusculus as 
compared to normal snail tissues. The augmentation in the level of protein in the infected 
tissues during the present study could be due to the host's efforts to replenish those lost to 
the parasites and also due to the molecules being contributed by the parasite itself, as 
also suggested for oyster haemolymph infected with trematode parasites Bucephalus 
sp. and Minchinia nelsoni (Feng et al., 1970). Increase in the level of protein in 
parasitised tissues of G. convexiusculus, under investigation can also be correlated with 
the high level of amino transferases which could be involved in replacing the host amino 
acids as well as providing new supply of amino acids in the infected tissues, also sug-
gested by Hammen (1968) in infected tissues of oyester. Some other workers reported 
that the total plasma proteins increased in certain helminthases, eg infection with S. 
mansoni (Sadun & Williams, 1966), S. japonicum (Sadun & Walton, 1958) and 
microfilariae oiDirofilaria immitis (Snyder et al. 1967). It has also been reported 
that in some cases when the number of parasites decreases through release of cercariae, 
mollusc tissue gradually returns to normality (Smyth & Halton, 1983). 
In the present study, the lipid content reduced sharply in the infected tissues of both 
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hepatopancreas and head and foot of G. convexiusculus. The lipid content of some snails 
decreases under the influence of larval trematodes (James, 1965) but increases in others 
(Porter, 1970). Parasitization oi Crassostrea virginica by Bucephalus sp. leads to a de-
crease in histochemically demonstrable lipids in the leydig cells but to an increase in the 
cells of the digestive gland (Cheng, 1965). Similar observations have been reported from 
Cardium edule parasitized by Cercaria bucephalopsis haimena (James & Bowers, 1967). 
It was observed that cholesterol was depleted in parasitized tissues while both 
phospholipid and free fatty acids elevated in infected tissues of G. convexiusculus during 
the present investigation. The elevation in the level of phospholipid in the parasitized 
tissues of snail under study may be an attempt to regenerate the cell membranes, broken 
down as a result of parasitism, as also suggested by James, (1965). In the infected molluscan 
host, fatty acids and triglycerides have been reported to decrease while phospholipid 
concentrations as well as acetate-l-'^^C increased in the same host (McManus et al. 1975). 
Increased level of fatty acids coupled with decrease in total neutral lipid during infec-
tion in snails has also been observed by other workers (James, 1965; Southgate, 1970; 
Moore & Halton, 1973) while increase in both fatty acids and neutral fats was noticed by 
Cheng (1965) who suggested that the increased fatty acid level was due to the subse-
quent decrease in triglyceride and diglyceride content (Southgate, 1970). 
In order to perform various metabolic processes, an organism requires a regular 
supply of energy which is obtained by the breakdown of a number of macromolecules like 
carbohydrates, lipids and proteins which are ultimately incorporated in to intermediates 
of the TCA cycle. The integration among the metabolic pathways of these macromolecules 
is under the control of several enzymes. Among these enzymes, aminotransferases serve as 
an important link between carbohydrate and protein metabolic pathways. The GOT, GPT 
as well as acid and alkaline phosphatases enzymes are also considered as pathological 
markers in higher animals. The determination of these pathological marker enzymes has 
become an established diagnostic procedure during the last two or three decadesxThe 
transaminases especially can give important hints in evaluating the possible existence of \ 
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necroses or conditions increasing cellular permeability. Increased transaminase levels 
evidently are a common occurrence in both protozoan and helminthic infections (von 
Brand, 1979). 
During the present study, enzyme level of acid and alkaline phosphatases as well as GOT 
and GPT were determined which revealed elevation in both hepatopancreas and head & foot 
tissues of parasitized , as compared to normal snail, G.convexiusculus. 
The metabolic status of these enzymes in infected and normal snails has also been 
investigated by other workers. An increased level of aspartate transaminase (GOT) was 
detected (Manohar et al. 1972) in the body fluid of infected Lymnea luteola while alanine 
aminotransferase (GPT) revealed a spectrum of changes in enzyme specific activity. A higher 
concentration of serum aspartate transaminase has been reported in Crassostra virginica in-
fected vfith Minehinia nelsoni (Douglass & Haskin, 1972). Contrary to these observations, 
Christie & Michelson (1975) reported a decrease in GOT and GPT levels in Biomphalaria 
glabrata digestive gland-gonad (DGG) complex infected with Schistosoma mansoni. They 
suggested that the decrease in enzyme activities may be due to a decline in soluble protein. 
Further, these workers suggested on the basis of Becker's (1968) and Cole's (1973) figures, 
that the rise in GOT activity of the DGG of infected snails may be due to enzyme 
contributed by maturing cercariae. This may also be true for the increased level of GOT 
and GPT in the hepatopancreas as well as head and foot tissues of G. convexiusculus 
under study which is commonly infected with larval stages of G. crumenifer. Moreover, 
the enzyme specific activity of GOT was comparatively higher than GPT in the snail 
tissues which revealed the dominance of oxaloacetate oriented metabolism. A similar trend 
was obtained for Indoplanaorhis exustus infected with larval forms oi Paramphisiomum 
cervi (Krishna, 1980). Alterations in the level of acid and alkaline phosphatases have 
also been reported in a number of snails due to larval parasitism. Cheng (1964) found 
higher level of both acid and alkaline phosphatases in the infected hepatopancreatic 
cells. He further observed the occurrence of these enzymes in the nucleoplasm of 
hepatopancreatic cells as well as in the nuclei of rediae and cercariae. 
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Although in the earlier studies these enzymes have been reported to be involved in the 
metabolism of nucleic acids (Cheng, 1964) but not much can be said on their functional 
aspect from the mere fluctuation in their level as observed in the present study. In another 
study, Porter etal. (1967) reported higher enzyme activity of acid and alkahne phosphatases 
in the infected hepatopancreatic tissues and correlated the role of enzymes in the hy-
drolysis of substrates outside the tissues in the surrounding environment as well as inti-
mate association with carbohydrate degradation. Increased level of acid and alkaline 
phosphatases has also been observed by Krishna (1980) in infected L. luteola while in 
Melanoides tuberculatus the acid phosphatase activity was almost similar in normal as 
well as infected snails. Recently, an increased level of alkaline phosphatase has been 
reported in hepatopancreatic tissues of three snail species, M tuberculatus, Vivipara 
bengalensis, and L. luteola infected with larval trematodes (Srivastava, et al. 1994). The 
reasons assigned to such changes are primarily the breakdown of glycogen and secondar-
ily, due to phosphorylated passage of hydrolysed product of glycogen from host to the 
parasite. 
From the above discussions it can be concluded that the nature and degree of the 
effects are related to a number of factors which include, the degree of infection, the size 
and age of host, the developmental pattern of larvae and the nature of organs invaded. 
Pathological changes occuring in the intermediate host of digenetic trematodes can not be 
genearlized due to the involvement of a range of parasitic larval stages which differ in 
their physiological requirements, their mode of feeding and their morphological com-
plexities. Further, the host-parasite relationship becomes more complex because of a regular 
flux in climatic conditions which ultimately affect the physiological as well as nutritional 
state of the host. The exact nature of this relationship, therefore, varies as the life cycle 
unfolds and progresses from host to host (Erasmus, 1972). 
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BIOCHEMICAL PROFILE OF DIFFERENT DEVELOPMENTAL STAGES OF 
GASTROTHYLAX CRUMENIFER: 
The results of present study, reveal that levels of major biochemical components 
like protein, glycogen, total lipid, lipid fractions, and nucleic acids change during 
development of larval stages of rumen amphistome, Gasirothylax crumenifer. The 
protein glycogen and lipid contents of G. crumenifer eggs were observed to be 
utilized as a source of nutrient during the course of development. Very little amount of 
lipid was determined in the fresh eggs which further decreased in the eggs containing 
mature miracidia (Em) but increased sharply in the cercarial and metacercarial stages 
indicating the substantial build up of lipid reserves. Further, the nucleic acid contents 
were found to be decreasing from fresh eggs onwards to the subsequent 
developmental stages. 
The gradual decline in the protein content of the eggs during the miracidial 
development in the present study suggests that proteins may be involved in the cellular 
differentiation and organogenesis, energy production and other metabolic processes which 
are activated during development as also reported for other invertebrates like silk 
worms and some echinoderms (Needham, 1963). A decline in the level of proteins in 
developing embryos of G. crMwe«//e/-may be intrinsically programmed for the utiliza-
tion of food reserves or else indicating that the proteins synthesized under the control 
of internal genes are gradually replaced during the development by proteins synthesized 
under the control of embryo genes (Khrushchov, 1981). However, the keratin type egg-
shell protein of amphsitomes may remain constant and the tissue proteins being utiHzed 
during the developmental process. In a similar study, Wilson (1967) also reported a 
significant decline in the protein and carbohydrate reserves of the eggs during the 
development of F. hepatica miracidia. 
The gradual decline in protein and glycogen reserves during the development 
of G. crumenifer (zero day eggs to immature developmental stages) under present 
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investigation clearly indicates their utilization as food needed in the form of energy 
for a number of cellular and metabolic processes. Studies on the embryonic develop-
ment of G. explanatum (Khan et al. 1991) from our laboratory have also revealed the 
utilization of these biochemical components for various processes like cellular 
differentiation, organogenesis and other metabolic processes. Marginal decrease in the 
energy reserves during the later phase of miracidial development of G. crumenifer 
reflects a slow rate of metabolism which may be due to glycogenolysis as also 
suggested for the miracidial development of G. explanatum (Khan et al. 1991). 
During the process of development, fully developed miracidia emerge from the 
operculated eggs and find their way to infect the intermediate molluscan host, G. 
convexiusculus, in which asexual multiplication and subsequent development takes place. 
Since, we collected the naturally infected snails from a local pond, we concentrated 
mainly upon the cercarial stage followed by the dormant metacercarial stage. 
The biochemical concentration of protein, glycogen and lipid contents was 
found to be higher in the cercariae as compared to the non feeding metacercarial stage, 
during the present study. The higher level of these biochemical components in the cercariae 
of G. crumenifer, under present investigation, may be an adaptation of the parasite 
to build up the nutrients for the subsequent larval stage, metacercariae, because the 
metacercariae remain in dormant state until they find their way into the definitive 
host. It is well known that the intramolluscan larval stages show predilection 
towards the hepatopancreas which is a nutritionally rich organ of the snail and 
during multiplication and maturation process the increased feeding of larvae may 
help in food storage for the subsequent developmental stages. 
High concentration of protein in miracidia (Mazia et al. 1953, Taft, 1979) and 
rediae (Taft, 1979) has also been reported. Bernbaum (1954) in a histochemical study 
observed strong reactions for proteins in the apical gland, flame cells and epidermal plates 
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which also indicated high levels of 'bound lipids', i.e. lipids in close association with 
proteins, carbohydrates and / or nucleic acids. Protein synthesis undoubtedly proceeds 
at a high rate in the larval parasites because the larvae not only build their own 
tissues but also those of the individuals of subsequent generation (Smyth & Halton, 
1983). Studies concerened with the protein synthesis has also been carried out in other 
developmental stages like rediae, sporocysts or cercariae of a number of trematode 
species, e.g. Glypthelmirts spp., Gorgodera amplicava and Echinoparyphium sp. (Cheng, 
1963). 
The variation in the metabolic turnover accompanying the transition from one 
larval stage to the next involves quantitative as well as qualitative changes in 
components which may be greatly influenced by various physico-chemical 
factors of different micro-habitats. As Rogers & Petronijevic (1982) have suggested 
that development is controlled by sets of genes which are activated or suppressed 
on receiving an appropriate stimuli involving complex interactions between 
intrinsic and extrinsic factors at specific stages of the life cycle. 
The level of RNA concentration constitutes a marker for overall metabolic 
activity (Smith & Walker, 1986) in an organism. The elevation of RNA concentration in 
the larval stages of G. crumenifer during the present study suggests the possibility of 
activation of development regulatory genes as well as somatic growth and differentiation. 
The presence of a large amount of glycogen in the freshly collected eggs of G. 
crumenifer and a gradual decline in their levels during the subsequent development clearly 
indicates that these components are being actively utilized for somatic differentiation of 
the miracidia and other developmental stages. Horstmann (1962) and Wilson (1967) 
have also reported a decline in the glycogen level and oxygen consumption during the 
developmentof F. hepatica miracidia. Marginal decrease in the energy reserves during 
tl^e later phase of miracidial development reflects a slow rate of metabolism. It is 
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possible that glycogenolysis could be operative to meet the energy requirements during 
the development of G. c/*Mwewz/er miracidia under present investigation. The glycogen 
content of transforming G. crumenifer cercariae into immature stage (obtained from 
rumen, 2mm size) revealed nearly 45% decline. In earlier studies Oliveira et al. (1975) 
reported 50% dercease in carbohydrate/protein ratio, during the transformation from 
cercariae to schistosomule. The loss of carbohydrate material was also reflected in the 
intensity of PAS-stained electrophoretic bands of schistosome larval extracts. Gazzinelli 
et al. (1973) also reported the loss of total carbohydrate and protein from the transform-
ing cercariae. They (loc.cit.) determined electrophoretically that two polysaccharide 
bands obtained from cercarial extracts were much reduced in schistosomule 
preparations. 
Studies on the carbohydrate metabolism of the intramoUuscan stages has been 
generally restricted to a few species e.g. Microphallus spp. (McManus &. James, 
1975,a,b,c,d,e,f, Marshall et al. 1974, a,b, Richards et al. 1972), Schistosoma spp. (Coles, 
1972, Christie, 1973, Diconza and Basch, 1914), Cercaria helvetica {Ke&dQT, 1971, 1974 
b), Cercaria linearis and F. hepatica (Humiczewska, 1975,a,b). Histochemical studies 
have revealed that the cercariae and rediae were rich in glycogen (Cheever & Weller, 
1958, Cheng & Snyder, 1962). In schistosome cercariae, the tail acts as a major reserve of 
nutrients comprising the glycogen and cytochrome oxidase (Smyth & Halton, 1983). In 
this cercariae the glycogen appeared to be the main energy reserve. Little is known about 
the carbohydrate metabolism of metacercariae which is considered to be a dormant stage. 
Studies on metacercariae are more or less fragmentary and primarily of descriptive 
nature (von Brand, 1973, Smyth, 1976). A number of aspects on carbohydrate metabolism 
such as glucose uptake, glucose leakage and the effect of starvation on glycogen content 
of the progenetic metacercariae Clinostomum complanatum have been covered by Siddiqui 
and Nizami (1981). These authors (loc.cit.) have reported high levels of glycogen in 
the C. complanatum metacrcariae which may be because this parasite inhabits a semi-
anaerobic environment and being a transitional stage in the development, requires more 
energy for growth and metabolism. 
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During the present study, the changes in the lipid level of the developing miracidia 
were insignificant (p > 0.05) whereas significantly high (p <0.001) level was recorded in 
cercariae and metacercariae. It has been suggested that in lipids in the developing miracidia 
ofF. hepatica are possibly stored for utilization in the subsequent stages of the life cycle (Wilson, 1967). 
During the present study, increased level of lipids in cercarial stage as compared 
to the metacercariae indicates rapid synthesis. The possible reason for the higher 
concentration of lipid could be because, the cercariae occupy a nutritionally rich 
habitat, the hepatopancreas, which might be a contributing factor in building the nutri-
tional reserve for the dormant metacercarial stage. The lipid content was also reported 
higher in the fish infecting C. complanatum metacercariae which could be an adaptation 
for long survival strategies (Siddiqui & Nizami, 1981). This may also be true for the high 
concentration of lipid contents in G. crumenifer metacercariae under study, because the 
stored lipids not only help in the survival of the metacercariae but they are also utilized 
by the adult worms during the egg production (von Brand, 1973, Goil, 1958). The 
differences in lipid and their fractions in the developmental stages under study can be 
correlated with the metabolic and physiological differences of their microhabitats which 
are influenced by the effects of various environmental factors. Further, Vykhrestyuk & 
Yarygina (1982) have suggested that the variability in the lipid composition of parasites 
may depend on factors like parasite species, sex, age and environmental factors like 
habitat and diet of the host. It can be concluded that the levels of total lipids and their 
fractions in the developmental stages of G. crumenifer, during the present investigation, 
are possibly controlled by both external and internal environmental conditions which the 
parasite encounters during the thermal and nutritional acclimatization. 
Among the major lipid fractions in G. crumenifer developmental stages, the 
phospholipid concentration was obsreved higher followed by cholesterol and free fatty acids. 
In G. explanatum eggs (Khan et al., 1991) and Leucochloridiomorphia constantiae adults 
(Fried & Pucci, 1976), the major lipid fractions was triglycerides followed by choles-
terol, free fatty acids and phospholipids. Fairbairn (1955) and Barrett (1969) have 
reported the utilization of esterified fatty acids and triacyl glycerol for energy release 
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during the embryonation ofAscaris eggs. Higher level of free fatty acids in the Em (eggs 
containing mature miracidia) stage of G. crumenifer can be suggested as a biochemical 
adaptation for the subsequent free living developmental phase. This is significant be-
cause, fatty acids provide more metabolic water upon oxidation than other metabolic 
fuels (Murray et al. 1988). High concentrations of free fatty acids have also been reported 
from a number of nematode larvae (Barrett, 1968, Lee and Song ,1977). Further, Lee and 
Song (1977) reported an increase in the total cholesterol oi Ascaris suum during the 
development of eggs. The decline in the level of phospholipids from fresh eggs to the 
subsequent developmental stages of G. crumenifer, indicates their involvement in mo-
lecular reorganization and metabolism. Among various lipid fractions of C. co/wp/awa/wm 
metacercariae, triglycerides account for high percentage while the cholesterol and free 
fatty acids were observed in approximately similar amounts (Siddiqui & Nizami, 1981). 
A similar trend was also reported for adult Dugesis dorotocephala (Meyer et al. 1970), 
S. mansoni (Cicchini et al. 1976) as well as G. crumenifer, Cotylophoron cotylophorum, 
G. explanatum, F. buski, Isoparorchis hypselobagri and Gastrodiscoides hominis (Yusufi 
& Siddiqi, 1976, 1977). 
The life cycle of digenetic trematodes consist of different larval stages, which have 
strikingly different morphology, live in extremely different environments and express 
widely different functions. Such a diversity can obviously be expected to have a 
reflection in the biochemical composition of the various forms (Barrett, 1981). Rogers & 
Petronijevic (1982) have suggested that the development is controlled by sets of genes 
which are activated or suppressed on receiving an appropriate stimulus involving 
complex interaction between intrinsic and extrinsic factors at a specific stage of the life 
cycle. Such controlled genes may also be responsible for contributing the differential 
antigen / protein turnover in parasites. The proteins are of obvious interest because 
they are the first conceiveable product of gene activity involving development of new 
structures and physiological activities which are linked with these molecules besides 
immunologically linked activities. 
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Analysis of the protein profile of various developmental stages of G. crumenifer 
revealed quantitative as well as qualitative variations. Apart from some fundamental simi-
larities, proteins of 'conserved', "stage specific' and 'variable' nature were also identi-
fied. The conserved polypeptides, like 18-20, 25-29 and 55-57 kDa were present through-
out the developmental stages, viz. fresh eggs, eggs containing mature miracidia (Em), 
cercariae, metacercariae, immature (2 mm size) and adult worms under study while the 
stage specific polypeptides were characteristic of a particular stage only. Similarly, 
Anderson (1989) observed a total of 20 conserved polypeptides (M^ 23-220 kDa ) in the 
soluble proteins of 4.5, 8, 11 and 18 weeks old F. hepatica. In addition to this the sur-
face protein of schistosomula and adult stages also revealed a number of conserved 
polypeptides in the molecular weight range of 16-150 kDa (Philipp & Rumjaneck, 1984). 
In the cestode parasite Echinococcus granulosus, the conserved group of polypeptides 
included a wide range of varying molecular weight(<29 to 153 kDa) polypeptides (AH, 
1996). On the other hand some variable polypeptides were also observed during the present 
course of study where polypeptides were inconsistently present in different developmen-
tal stages. Unfortunately, no previous report on the protein turnover during the course of 
development is available from any other amphistomes, therefore the present work is just a 
begining to open further avenues for research in this direction. The SDS-PAGE results 
revealed a minimum of 14 and a maximum of 34 protein bands in the protein sample of 
developmental stages under study and it was observed that three polypeptides of 24, 28 
and 43 kDa in fresh eggs and Em stage, six polypeptides of 16, 20, 21.5, 23, 25 and 28 
kDa in cercariae and metacercariae, while eight polypeptides of 18, 19, 20, 25, 28, 30, 
40, and 50 kDa in immature and mature worms, were of similar intensity. Tis is in agree-
ment with the work of Ruppel & Cioli (1977) who observed some disimilarity in the 
protein profiles of mature and immature schistosomes as well as male and female worms. 
During the present study polypeptides of 58 and 23 kDa molecular weight were ob-
served specific to the adult G. crumenifer, which was conspicuously absent in all the 
other developmental stages. The stage specific protein with a molecular weight of 58, and 
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23 kDa might be associated with appearance of some important adult structure, like the 
intestine and its contents, as has also been suggested by Ruppel & Cioli (1977) for 
schistosomes. It seems that inspite of great morphological differences during the course 
of development, specialized structures characteristics of each stage emerge as differ-
ences in protein composition, if they represent a sizable portion of the total parasite 
tissues. In addition to this we reported earlier, some conserved and species specific 
polypeptides in the eggs of five amphistome species (Saifullah & Nizami, 1994). 
Moreover, other workers (Carter & CoUey, 1978, Pillay & Pillay, 1994a, Pillay, 
1995, 1996) demonstrated variations in the soluble egg polypeptide profile of three 
isolates of S. mansoni of different geographical regions. In the present study, the 
Coomassie stained polypeptide profile of cercariae-metacercariae and immature-ma-
ture stages, revealed similarity in their banding pattern. A similar observation was 
also made by Shah & Ramasamy, (1982) while working with the polypeptides of cercariae, 
schistosomula and adult schistosomes. 
During the present study, a number of stage specific polypeptides in fresh eggs (8 
polypeptides, Mr. 17-80 kDa), cercariae (1 polypeptide of Mr. 17.5 kDa), immature (1 
polypeptide of Mr. 34 kDa) and adult worms (9 polypeptides, Mr. 35-90 kDa) have been 
observed, whereas the polypeptides of 28 and 55 kDa were observed to be commonly 
present in all the developmental stages. Kawanaka & Carter (1992) analysed the protein 
composition of ;S'. japonicum soluble extracts of newly laid egg, in vitro matured eggs and 
ES products, by SDS-PAGE. The silver stained polypeptides revealed similar banding 
pattern of newly laid eggs and mature eggs except a polypeptide of 66 kDa which ap-
peared in the highest concentrations in newly laid eggs. 
During the course of development, protein, glycogen and lipid serve as major 
nutrient reserves which are utilized for a variety of purposes such as, cellular 
differentiation, organogenesis, energy production and other metabolic processes. 
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Ho\yever, the lipid contents in cercariae are stored for the substantial build up of 
lipid reserves, being utilized in the subsequent developmental stages. Thus, the 
biochemical changes during the developmental stages of G. crumenifer refelect the 
preponderance of anabolic and catabolic processes which indicate that different biochemi-
cal fractions remain in a dynamic state. Such variations may possibly be also in response 
to the physico-chemical factors of the microenvironment, that influence the biochemical 
profile of the different larval stages of G. crumenifer. 
The SDS-PAGE resolved three categories of polypeptides, namely "conserved", 
"stage specific" and "variable" polypeptides in the larval stages under study. However, 
the presence and absence of such polypeptides in the developmental stages requires 
further studies to ascertain their function as well as biochemical nature so that the 
polypeptides of interest may be used in chemotherapeutic modulation to block 
reproduction and development of the parasite. 
AMINO ACID TRANSPORT STUDIES: 
The results of in v7Yro"*C-glycine uptake reveal that the amphistomes under study 
make use of the exogenous amino acid. The time course study showed that uptake of 1 mM 
glycine followed saturation kinetics. Amino acid uptake in liver parasite G. explanatum 
was found to be quantitatively different from the rumen apmhistome G. crumenifer. This 
difference may possibly be due to the nutritional requirement of the parasites inhabiting 
different microenvironment, or due to osmotic and ionic differences in the microhabitat 
as Lussier et al. (1978) pointed out that amino acid uptake by H. diminuta was found to be 
sensitive to the osmotic and ionic changes in the incubation medium. 
Absorbed glycine may undergo various metabolic processes to fulfil the requirement 
of the organism. It may provide energy in absence of a primary energy source. Glycine 
may be converted to pyruvate which finally enter into metabolic energy pathway. 
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Another possiblity could be its involvement in the synthesis of glutathione by y-
glutamyl cycle : 
Glutathione 
y-glutamyl cysteine + glycine + ATP ~ Glutathione + ADP+ P 
Synthetase 
or it may remain as an important component of the free amino acid pool from where it can 
be mobilized upon requirement. 
However, the occurrence of y-GTP has been reported from amphistomes but the func-
tional role of y-GFT cycle in helminths needs to be further investigated. 
By varying the substrate concentration from 0.2 to 2.0 mM, it was found that 
amino acid was absorbed by a combination of diffusion amd mediated transport with the 
possible involvement of a carrier. The mediated transport of amino acids in helminths is 
a well documented phenomenon (Pappas & Read, 1975, Pappas, 1988, Jeffs & Arme 1985 
a, b, 1986). The values of mediated transport were calculated after subtracting the diffu-
sion component from the total uptake. The linear portion of the curve at higher concentra-
tions was used for the calculation of diffusion component. Glycocalyx and thick syncitial 
layers of tegument of amphistomes may be responsible for the diffusion in the amino acid 
uptake by amphistomes (Abidi & Nizami, 1995) as also evident in the present study. 
Diffusion component should be corrected in order to appropriate estimation of K^  and V^ ^^  
values (Barrett, 1981) to avoid diffusion through unstirred, stationary layer of absorptive 
surface. 
The amino acid transport across the cell membrane may involve a membrane bound 
enzyme, y-glutamyl transpeptidase (y-GTP) suggesting the involvement of a carrier 
mediated transport. The amino acid transport involving the y-GTP is an example of group 
translocation mechanism in which an amino acid binds to the enzyme protein and the com-
plex is transported to inside of the cell where amino acid is released (Lehninger, 1975). 
The differential stimulatory response of y-GTP to glycine indicated that this enzyme might 
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be involved in amino acid transport in the helminths under study, as y-GTP has been 
demonstrated in a number of other parasitic helminths (Kurelec & Rijavec, 1976, Barrett, 
1981, Singh et al. 1989). Although, the group translocation mechanism of transport is 
common in microorganisms (Barrett, 1981) but the present results indicate that such 
phenomenon might be operating in helminths as well. In another study, Abidi & Nizami, 
(1995) demonstrated that y-GTP activity was greatly influenced by the presence of 
various amino acids. 
Following the transtegumental transport an amino acid undergoes either transamination 
or other metabolic processes, therefore, the glycine transaminase was determined to 
understand the transamination efficiency in the amphistomes and it was found that in liver 
parasite G. explanatum, the efficiency of transamination was predominant as compared to 
the rumen parasite G. crumenifer, indicating that the nature and efficiency of parasite 
metabolism could reflect the generic differences or may be in response to the physico-
chemical nature of the micro-habitat. 
In the present study, after 5 min pulse, the "*C-labeled glycine was found to be 
differentially distributed in different regions of the amphistomes, particularly in the or-
gans which were associated with protein metabolism for example, vitellaria. Irwin & 
Threadgold (1970) reported that vitelline follicles contain clusters of cells in various 
stages of cytomorphosis, whereas Hanna, (1976) suggested that the nurse cells may select 
and transport precursors for protein synthesis in the vitelline cells of i\ hepatica. In the 
present study very weak activity was evident in the gonads. 
The distribution of amino acids in the lymph system of amphistomes indicate the 
possibility that lymph system may also maintain free amino acid pool where from, amino 
acids may mobilize for various metabolic requirements of parasites as also pointed out 
by Dunn et al. (1985). These authors further presumed that sufficient energy for tegumentary 
functions can be obtained from the parenchyma which contains abundant mitochondria and 
shows intimate relationship with the tegument or from the lymph system. 
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Thus it can be concluded that the rumen and liver amphistomes differentially utilize 
glycine with the possible involvement of y-GTP during the tegumental uptake. Further, the 
amino acid is differentially utilized by the different parasite tissues as evident from the 
results of pulse-chase technique. However, further kinetic studies are necessary in the 
presence of different glycine concentrations in order to ascertain the functional role of y-
GTP. 
ANALYSIS OF SOMATIC ANTIGENS: 
In the present study, soluble proteins of G. crumenifer were separated into 
eight fractions by column chromatography, using Sephadex G-200 matrix. Out of these 
purified fractions only the first four fractions (F1-F4) were found to be of high antigenic 
potential as revealed by ELISA. The antigens were detected upto a dilution of 1:12800 of 
the rabbit hyperimmune sera raised against the whole worm extract. Further, depending on 
the antibody titre, three categories of antigenic fractions were recognized in G. 
crumenifer somatic extracts which were termed as 'highly antigenic' (F1-F4); 'moderately 
antigenic' (F6-F7) and 'low antigenic' (F5, F8). Unfortunately, there is no previous report 
on the antigenic profile of amphistome parasites, therefore, the present investigation is a 
preliminary attempt to analyze the antigenic polypeptides of this parasite. However, 
immunodiagnostic studies on a number of other parasitic infections including some 
trematode infections (Cho et al. 1981; Quicho et ah 1981; Yokogawa et al., 1983) have 
been carried out using ELISA technique. 
During the present work our interest was to study the Sephadex G-200 
fractionated somatic extracts of G. crM/we«//er to determine the predominant antigenic 
fractions. Similarly, Choi et al. (1986) fractionated crude antigens of Paragonimus 
westermani by Sephadex G-200 column chromatography into three fractions of different 
molecular weights where the highest molecular weight fractions exhibited highest reactiv-
ity against the sera of infected cats (Choi et al. 1986). 
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It is evident from the present report, that the low molecular weight polypeptides of 
Mr. <14, 15, 16, 18, 19 and 28-32 kDa pertaining to fraction F1-F8 are predominantly 
antigenic in G. crumenifer when detected with hyperimmune sera raised against 
somatic extract. Further studies are necessary to know whether these low molecular 
weight antigens are immunodominant under natural infection conditions. Among the 
trematodes, S. mansoni has been extensively used for antigenic analysis (Curtis et al. 
1996). These antigens include a 28 kDa glutathione S-transferase (Capron e^  a/. 1992). 
Indrawati et al. (1991) have also studied the antigenic polypeptides of another trematode 
parasite P. westermani using Sephadex G-200 column chromatography followed by 
Western blotting. These workers identified a 35 kDa antigen which showed 100% 
sensitivity and specificity for the detection of paragonimiasis. 
Among the antigenic polypeptides of G. crumenifer which are mostly in the low 
molecular weight range (<I4 to 50 kDa), the antigens of M^ 15,16,18,19 and 28-32 kDa 
were predominantly present in most of the partially purified fractions of G. crumenifer. 
Since this parasite exhibits a strict seasonally regulated reproductive cycle (Hanna et al. 
1988), and the present study was carried out on mature, reproductively active worms, 
further investigations are required (using sera from the infected buffaloes) to find out 
whether the identified antigens remain conserved during the non-reproductive phase of 
the parasite and also the potential of these antigens for immunodiagnosis of amphistomiasis 
in the field. 
During the present investigation, an another economically important amphistome 
parasite, G. explanatum infecting the buffalo liver was used to identify and partially 
purify the somatic antigens that may be exploited for future use in the immunodiagnosis. 
There are no previous reports on the antigenic profile of this parasite. However, a number 
of studies on the antigenic characterization of a related bile duct parasite, F. 
hepatica have been carried out (see review by Stiphill e^ a/. 1997). Our results using 
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hyperimmune sera from rabbits identified antigenic components in all the nine fractions 
but the number of antigenic polypeptides varied from fraction to fraction. Most of the 
antigenic polypeptides were observed in the low molecular weight range (<14 to >94). 
But the antigenic polypeptides of <14, 14, 18, 21-25 and 34-36 kDa apparent molecular 
weight, appeared to be predominantly present in fractions F1-F9. However, only one 
component in the fraction F3 was having Mr. >90 kDa. Santiago & Hiliyer (1988) 
identified some prominant somatic antigens of Fasciola hepatica with an apparent mo-
lecular weight range of 30 to 38 kDa. In addition, Santiago & Hiliyer also observed dif-
fused bands of 56, 64 and 69 kDa. These workers assumed that the development of 
antibodies to the low molecular weight antigens might depend on the genetic constitution 
of the host, therefore, these polypeptides are either prominantly recognized or not recog-
nized at ail. 
Several investigators have attempted to characterize the antigenic polypeptides of 
other trematode parasites. Maleewong et al. (1992) analysed the metabolic products of 
Paragonimvs heierotremus by SDS-PAGE and immunoblotting. A total of 11 antigenic 
polypeptides of this parasite have been identified by Western blot and the molecular weight 
was found in the range of 12.3 to 144 kDa. In the present study we observed that the 
antigenic polypeptides in the molecular weight range of < 14 to 25 kDa reacted strongly 
with hyperimmune rabbit srea raised against the somatic extracts of G. explanatum, 
but at this juncture it is very difficult to assign any specific immunodiagnostic role for 
these polypeptides unless their potential importance is worked out using sera from natu-
rally infected buffaloes. Further, it was observed that Fl (Mr. range 19-70 kDa) and F2 
(Mr. range < 14-85) could detect the IgG even up to a dilution of 1: 6400 and 1:12800 of 
the primary sera in ELISA. This exhibits that there are certain immunodominant antigens 
which detected IgG molecules in ELISA upto such a high dilution of the primary sera. 
Further work is required, specially with the sera of naturally infected buffaloes in order 
to workout the immunodiagnostic potential of these antigens. 
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It is concluded that G. explanatum and G. crumenifer consist of a heterogenous 
population of polypeptides, a number of which are antigenic. However, their potential 
importance for immunodiagnosis of amphistomiasis needs to be confirmed. Since, 
concurrent infections are also observed, cross-reactivity with other infections, if any, 
must be checked before any final conclusion, can be made. Then only the immunodominant 
antigens of these species could be clearly identified, which may be of considerable 
specific immunodiagnostic potential. 
ANALYSIS OF EXCRETORY/ SECRETORY (ES) ANTIGENS: 
The excretory/secretory products are known to modulate the immune response of the 
host and thus the parasite antigens invoke the host protective immune responses which 
are either in the death or expulsion of the parasites or the development of concomittant 
immunity. Alternatively the ES products are used by the parasites as a tool to evade the 
immune responses of their host and thereby avoid the effects of host immune responses in 
order to establish a sucessful host-parasite relationship. The ES pro duct sj»£4telminths are 
also used as antigens for the immunodiagnosis of the particular infections. Considerable 
work has been carried out on these lines using schistosomes and numerous studies have 
evaluated different antigen preparations and diverse serologic tests for the immunodiagnosis 
of F. hepatica (Marrero et al. 1988, Irwing and Howell, 1982, Jefferies et al. 1996, 
Rajasekhariah et a]. 1979) infections. Unfortunately, the amphistome parasites of buffalo 
have remained some what neglected. 
In the present study, the ES products of two parasites Gigantocotyle explanatum 
from liver and Gastrothylax crumenifer from rumen of Indian water buffalo Bubalus bubalis 
were collected in vitro and fractionated using gel filtration column chromatography. Most 
of the previous studies carried out on the application of ES antigens for serodiagnosis 
have employed crude ES antigen preparations. However, Jenkins et al. (1991) suggested 
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that using ES for immunodiagnosis, it is necessary to purify the antigens in order to 
enhance their antigenicity. The results of present study from gel filtration of the two para-
sites indicated three peaks, the second of which was very disperse in the case of both 
the parasites. The antibody titre of all the three fractions were tested by using serum from 
hyperimmunized rabbits against total ES products collected in vitro. 
The data obtained in the ELISA revealed that the Fl fraction in both the parasites 
and F2 fraction of G. explanatum ES offer a better sensitivity for detecting the IgG titre in 
the present study. These antigens detected the IgG titre up to a dilution of 1: 12800 of the 
primary sera. However, the other fractions (F2 in G. crumenifer and F3 in both the 
parasites) seemed to be either weak antigens or the number of antigenic polypeptides in 
these fractions were low, as a result, there were few antigenic determinants to bind with 
the IgG. Therefore, these antigens were detected only at a dilution of 1:50 of the primary 
sera. 
A number of workers (reviewed by Spithill ei al., 1997) have used ELISA for the 
immunodiagnosis of other helminth parasites specially fascioliasis but unfortunately there 
is no report on the use of ELISA for the immunodiagnosis of any amphistome parasites. 
The present study opens new avenues for research on various aspects of the immunology 
of amphistome parasites. 
To find out the exact number of antigenic polypeptides in the individual ES fractions 
of these parasites, the fractions (F1-F3) were subjected to SDS-PAGE and Western 
immunoblotting. The results of Western blotting indicated that among the several 
polypeptides present in each ES fractions of the two parasites comparatively few were 
antigenic. Among the antigenic polypeptides in the ES fractions of G. crumenifer, a 33 
kDa polypeptide seemed to be immunodominant which was observed in all the three ES 
fractions of this parasite. However, this 33 kDa polypeptide has not been observed in the 
silver stained SDS-PAGE of these fractions. Similarly Santiago et al. (1986) identified a 
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group of 7 polypeptides with molecular weights of 23-28 kDa which were the major 
antigens recognized. These workers also detected a 33 kDa antigen which was observed 
only 5 weeks post infection and continued to be detected for up to 52 weeks post infec-
tion. In the present study since hyperimmunized rabbit sera have been used, at this stage it 
is not possible to predict any thing about the sensitivity and specificity of these antigens 
for the detection of natural infection in buffalo. 
On the other hand the ES of G. explanatum although separated into three fractions on 
gel filtration but when subjected to SDS-PAGE and Western blotting it was observed that 
each of the fractions consist of 7, 4 and 6 antigenic polypeptides. In this case a 25 kDa 
antigen was predominantly present in both the Fl and F3 fractions. On comparing the 
data of Western blot of G. crumenifer and G. explanatum it can be suggested that antigenic 
polypeptides of these amphistomes are in the low molecular weight range but the 25 kDa 
antigens of G. explanatum is a protein which was resolved by SDS-PAGE. Since the 
present results are from the hyperimmunized rabbit therefore before attributing any 
immunological significance to these antigens they must be tested with the naturally 
infected buffalo sera in order to find out their immunodiagnostic potential in the field. 
High antibody titre is a clear reflection of the strong antigenic potential of the 
partially purified ES fraction (Fl ) of the amphistomes. However, further studies on the 
amphistomes are required to ascertain the persistence of the specific diagnostic 
candidate antigens during the different phase of life, particularly in rumen amphistomes 
which exhibit strict seasonally modulated reproductive cycle. 
ANALYSIS OF COPRO-ANTIGENS : 
In the present study coproantigens of G. crumenifer and G. explantum have been 
detected in naturally infected buffaloes by three immunodiagnostic tests. The central aim 
of this study was to carry out an assessment of the efficacy of coproantigen based 
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diagnosis for amphistomiasis. The existing difficulties with the microscopical diagnosis 
of these parasites are related to the seasonal egg production (i.e. the absence of eggs 
during the premonsoon) and the deadly immature amphistomiasis where the young worms 
do not produce eggs to be detected by microscopical method. 
In a previous report on coproantigens of cestodes high O.D. values of coproantigen 
in ELISA indicated the level of worm burden (Malgor et al., 1997). Further, it was ob-
served (loc.cit) that the dogs harbouring 3-100 E. granulosus the level of coproantigen 
remained just above the base line while in those animals having more than 10,000 worms 
the level of coproantigen detected was also very high. Therefore, a high ELISA O.D. 
value in the present study, refelct a high level of amphistome infection in naturally 
infected buffaloes of this region. 
The other 35% of the buffalo population tested for the coproantigens of G. crumenifer 
showed a moderate IgG titre indicating lower level of coproantigens. This lower level of 
G. crumenifer coproantigens as detected by low antibody titre indirectly shows that the 
worm burden among these animals are low as evident from lower level of metabolic 
antigens secreted/excreted in their stool. The remaining 30% of the buffalo population 
were not releasing any coproantigens of G. crumenifer in their stool as indicated by their 
ELISA O.D. values and this result is confirmed by immunodot analysis. 
Although 75% of the buffalo population in the present study was found positive for 
coproantigens of G. explanatum, the O.D. value of ELISA was not as high as detected 
for G. crumenifer coproantigens. G. explanatum lives in the bile duct and as a result the 
metabolic products of the parasite is not released directly into the gastrointestinal tract 
as in the case of G. crumenifer and therefore lower absorbance value of coproantigens in 
ELISA were detected in G. explanatum, possibly the ES antigens are either further 
metabolised or acted upon by host enzymes before appearing as coproantigens, hence, low 
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level was detected. Similar to G. crumenifer the level of coproantigens of G. explanatum 
was also not uniform among all the infected animals. Some of the animals (45%) have 
higher level of coproantigens of G. explanatum whereas, 30% of the buffalo populations 
had low level of coproantigens of this bile inhabiting parasite. The anti-ES antisera de-
tected coproantigens of these animals up to a dilution of 1:80 in ELISA. This indicated 
that those animals which have high metabolic antigens also have worm burden, and as a 
result higher production of coproantigens while other animals which have low level of 
parasite infection released lower level of coproantigens in their stool. 
The interesting part of the present investigation is that both ELISA and immunodot 
could detect the coproantigens of G. crumenifer and G. explanatum in buffalo stool. This 
indicated that these tests can easily be used to positively diagnose buffalo amphistomiasis 
so that the infected animals may be treated in order to curb this menace before spreading 
to the unifected buffaloes. 
Although the ELISA procedure is relatively more sensitive than immunodot and per-
mits the quantitation of antigenic load in the stool specimens, the immunodot has the 
advantage of being rapid, cheaper and more suitable in the field conditions. Both immunodot 
and ELISA procedures did not give false positive in faecal extracts obtained from 
parasitologically confirmed amphistomes positive field buffaloes. The immunodot assay 
indicated that detection of amphistomes coproantigens in faecal sample could be a better 
diagnostic tool. 
A direct correlation has been observed between the results of ELISA and immunodot. 
Those faecal samples which showed a very high O.D. value in ELISA also showed strong 
reaction on a PVDF membrane when tested by immunodot. However, the faecal samples 
with low absorbance value in ELISA also did not react positively in immunodot test. This 
clearly indicated that the specificity of the present tests employed to detect the coproantigens 
of these two amphistomes. 
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In previous studies antigens of various cestode and some trematode species have 
been identified in faeces including the faeces of prepatent infections (Machnicka & 
Krawckzuk, 1988, Allan & Craig, 1989, Deplazes et al. 1990, 1991, Ahmad & Nizami, 
1998, Telukhin e^  a/. 1986, Srisinha e^-a/. 1991, Youssefe/a/. 1991). An important result 
of the present investigation is that as many as 75% of the buffalo population was infected 
with either of the two amphistomes as revealed by coproantigen detection using ELISA or 
immunodot technique. Those animals which gave a high O.D. value in ELISA or a dark 
spot in immunodot also found positive for amphistomiasis using counter current 
immunoelectrophoresis (CCIEP). In addition, CCIEP has been used for immunodiagnosis 
of human hydatidosis and it was found to be highly specific and no false positive reac-
tions were observed with the sera from diseased or healthy controls (Shariff & Parija, 
1991). Further, CCIEP is a simple inexpensisve and rapid test with the results being ob-
tainable within approximately 45-60 minutes and has a potential for wider application in 
the coprological diagnosis even in moderately equipped labs of developing countries 
like India. 
The high level of amphistome infection in buffaloes as found in the present investiga-
tion is in agreement with the work of Dunn (1984). Therefore, the coprodiagnosis 
becomes more important for early detection of infection. Also it is important from a 
chemotherapeutic point of view, once the animals are diagnosed they will be very easily 
treated with any of the broad spectrum anthelmintic drugs (Boray, 1986). If the immature 
amphistomiasis is treated with anthelmintics, further contaminations of the environment 
would be avoided and as a result the infection of other animals would be stopped. 
Thus, on the basis of foregoing discussions, it is concluded that this preliminary 
study confirms that for the diagnosis of amphistomiasis, coproantigen detection is a good 
alternative for the conventional microscopical examination of the stool. Since no previ-
ous reports are available on the coproantigen detection of amphistomes of buffalo, the 
present study opens the avenues for further research in this direction. More studies should 
217 
be carried out using samples of naturally infected buffaloes so that the specificity of these 
tests can be confirmed. Further cross-absorption studies should be carried out to test the 
specificity of the diagnostic antigens. 
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Abstract . 
The soluble extracts of Gastrothylax crumenifer isolated from the rumen of buffalo (Buhaltis 
hubalis) v.ere fractionated on a Sephadex G-200 column. A total of eight major fractions (Fl, F2. 
F3, F4, F5, F6, F7. and F8) were separated from the v. hole homogenate of C crumenifer. and each 
of these fractions was tested foi their antigenicity by ELISA against rabbit hyperimmune sera. It v/as 
observed that Fl. F2, F3 and F4 were highly antigenic. F6 and F7 were moderately antigenic and 
F5 and F8 were poorly antigenic. The individual fractions analysed after SDS-PAGE and Western 
blotting indicated thai the antigenic fractions of C. crumenifer are of low molecular weight, in the 
range of < 14-50 kDa, and predominant antigenic components which were evident in most of the 
Sephadex profiles were of Mr 15,18, 19,23-24 and 28-32 kDa. ©2000 Elsevier Science B.V. All 
rights reserved. 
Keyword^: Amphi.<ionx><.is: Uiagno>;is-Trenvit3da: Sephadev G-200. (uisimrhyliLx irvmeiiilrr. .Aniigcnic 
profile: ELIS.A, NVe.Niern blouing 
1. Introduction 
Amphistomc parasites of domestic livestock are abundant in the tropical and subtropical 
countries. The discisc. amphislomosis. causes high morbidity and mortality resulting in 
great economic l()s.>;cs through reduced produi.ti\ity (Mukherjec and Chauhan, 1965). Tiie 
adult wo^n^ inhabiting the rumen have low pathogenicity, while the migrating immature 
stages cause severe pathological disturbances (Horak. 1971). A striking feature of ihe rumen 
dwelling parasites, particularly Parumplnstomum cpiciiium and Gaslrotliylax crumenifer. 
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is marked seasonality in egg production (Hanna ct al., 1988). As a result eggs cannot 
be detected in faeces by routine parasitological investigation during the non-reproduciivc 
phase. Therefore, immunological diagnosis would be of considerable significance during 
the non-egg producing period. 
The aim of the present study was to fractionate the aqueous soluble somatic proteins of 
G. crumenifer and to identify the potential antigenic polypeptides that may be useful for the 
immunological diagnosis of amphistome infection particularly during the non-reproductive 
phase of the parasite. 
2. Materials and methods 
2.1. Parasite collection 
Active and mature G. crumenifer were collected as described by Abidi and Nizami 
(1995). The 10% homogcnatc was prepared in phosphate buffered saline (PBS), pH 7.4 
at 4 C followed by ultrasonication (5 mm probe) for 1 inin at 4'"C and then centrifuged 
at 10,(X)0x^ for 15 min. The supernatant was collected and stored at —20'C. The protein 
concentration was determined by the method of Specior (1978). 
2.2. Preparation of hyperimmune sera 
Hyperimmune sera were raised in rabbits as described by Harlow and Lane (1988). The 
crude somatic antigens (containing 4 mg/ml protein) were mixed with Freund's Complete 
Adjuvant (Gibco, USA) and inoculated intramuscularly. Subsequently, three boosters, each 
consisting of 2 mg/ml protein and 1 ml Freund's Incomplete Adjuvant (Gibco, USA) were 
injected at intervals of 10 days. Thereafter, the rabbit was bled and sera isolated. 
2.3. Column chromatography 
Phosphate bulTercd saline (0.I5M. pH 7.4) was used for washing and equilibrating a 
Sephadc.v G-200 (Pharmacia, Sweden) gel (iliration column (2x90cm). Five millilitre of 
concentrated crude antigen (CA) of C. crumenifer having 100 mg of protein was applied 
on Sephadcx G-200 column. Each 4 ml fraction was collected and monitored at 280 nm 
for protein concentration. Individual peaks of elucnt were collected separately, packed 
into cellulose tubing (Mr cut-off 3500, Sigma. USA) and dialysed against di.siillcd wa-
ter, hophitizcd in a freeze dryer (DC 41, Yamato. Scientific Co. Ltd. Tokyo, Japan). The 
frcc/c-dricd material was stored at —21) C until used. 
2.V. Enzyme-linked iminuno.u/rhent assay (ELISA) 
The ELISA of partially purified antigens of G. cnnncnifer was pcri'ormcd as described by 
Ahmad and Ni/ami (1998). Flat-bouonicd polystyrene microiitrc plates (Dynaicch Immulon 
I) v\cro coated with 50 jxl/wcll of CA and various fraciions from the gel filtration coluinn in 
A/ K StiilulldhCI ii! /Veunmiry Piiriniiiiliijiy l77fi(2iM\ -•' 
coaling bulTer (protein concentration of 12 jig/ml) and left ovemigh; .i 4- C. The wells were 
then washed three times with PBS containing 0.1% Tween (PBSTK flocked with 150 ,^1 of 
59c skimmed milk in PBS and incubated at RT for 1 h. The plates were again washed with 
PEST. Serially diluted 100 jtl rabbit anti-C. crumenifer stra were aided to each well, and 
incubated for 3 h at RT in a humid chamber. The plates were washed again for 3x lOmin 
with PBST. Thereafter, SOjil of 1:1000 diluted anti-rabbit IgG conjugated with alkaline 
phosphatase was added to each well and again incubated for 3 h a: RT. After incubation 
the plates were washed for 3xl0min with PBST. The reaction wa? developed by adding 
100 jil of substrate, p-nilrophenyl phosphate (Sigma, USA) in a concentration of 1 mg/ml in 
109c diethanolamine (DEA) buffer and incubated at RT for 20 min. Finally, the reaction was 
Slopped by the addition of 50(il of 3N NaOH solution, and O.D. v i s recorded at 405 nm 
on an ELISA Reader (SLT Lab Instruments, Austria). 
2.5. Sodium dodecyl sulphate polyacrylamide gel electrophoresis iSDS-PAGE) and 
Westernblot anahsis 
The SDS-PAGE was carried out on a 7-15% gradient SDS-polyacrylamide gel in a ver-
tical slab gel apparatus (Pharmacia LKB, Sweden) according to the system of Lacmmli 
(1970) using 4% stacking gel. The standard molecular weight makers purchased from 
Sigma (US.A)v/ere simultaneously loaded on the gel along with Lhe test samples. After 
electrophoresis one gel was silver stained following the method of Oakley et al. (1980) 
while other gel was used for u-ansblotting of the antigens onto poly\ enyldifluoride (PVDF) 
membrane as described by Towbin el al. (1979). Non-specific sites w ere blocked with blotto 
(i.e. 5% skim milk, Anikspray, India). The blots were incubated in hyperimmune sera with 
blotto in a ratio of 1:100 for 3h. Subsequently the strips were thoroughly washed wiih 
Tris buffered saline, pH 7.4 containing 0.029t Tween 20. The strip> were then incubated 
in antirabbit IgG conjugated with alkaline phosphatase at a dilution of l:2(X)0 in blotto 
for 3h. Finally the antigenic polypeptides were visualized by brom-xhioro-indolyl phos-
phate/nitroblue tetrazolium (BCIP/NBT) chromogen. All the steps N^ ere carried out at RT 
with continuous shaking. After the reaction the strips were rinsed :n distilled water and 
photographed using black and white film. 
3. Results 
3.1. Particd purification ofG. cntnienifer somatic proteins 
The .somatic extract of C crumenifer containing 100 mg protcir.> was applied onto a 
Scphadcx G-200 column equilibrated with 0.15M PBS. pH 7.4. A v.pical protein profile 
shov^ ing a total of eight fractions. F1-F8 (Fig. I) was obtained. Fractions F1 and F7 appeared 
as ver%- prominant and sharp peaks, F2. F3 and F4 appeared as distin>.-. but short peaks while 
F5. F6 and FS were observed as broad peaks. Samples representing cjjh peak were pooled 
and then dialyscd against distilled water and lyophilized for further jse. 
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Fig. I Protein proliler. of the somatic extracts of Casirolh\lu\ crumenijer from Sephadex G-200 gel filtration 
column 
3.2. Enzyme linked Immunosorbent assay (ELISA) 
All eight fractions obtained from gel filtration column were tested for their antigenicity 
using the hyperimmune sera raised in rabbit against the crude somatic antigens of C cru-
menifer by ELISA. Among the eight partially purified fractions o f C crumenifer the first 
four fractions (F1-F4) appeared to be highly antigenic, as these antigens could be delected 
up to a dilution of 1:12,800 of the primary sera by EI,ISA. The absorbancc value for these 
fractions {FI-F4) even at 1:12,800 dilution of the primary sera was well above the cut-off 
point (0.3 O.D. value) established during this study (Fig. 2). The F6 and F7 fractions were 
moderately antigenic as evident from the dilution (1:600) of the test sera. Further it was 
observed that F5 and F8 were least antigenic (Fig. 2). A maximum of 1:800 dilution of 
the primary sera detected the F5 fraction, while detection of the F8 fraction was possible 
only up to a dilution of 1:200 of the hyperimmune rabbit sera, beyond which the ELISA 
absorbance value dropped below the cut-otT point. Thus, from these results of the ELISA of 
individual fractions of C. crumenifer it is clear that Fl. F2, F3 and F4 were highly antigenic, 
F6 and F7 were modcraicly antigenic, whereas F5 and F8 fractions were poorly antigenic 
(Fig. 2). 
3.3. SDS-PAGEand Weaternhlot (wahsis 
The results of the silver stained SDS-PAGE gels revealed that each of the eight par-
tially purified fractions consisted of a heterogeneous population of polypeptides of varying 
molecular weight which ranged from < 14 to 205kDa (Fig. 3).Thc Fl fraction comprised 
16 oands. some of which arc of high apparent molecular weights; F2 and F3 contained 24 
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Fig. 2. Absorbance value of (he Sephadex C-200 punficd antigens of Gasi'mrhy/ax i rumenifer as detected bj che 
various dilutions o( ihe lesi sera The O.D. \'alucs for all the antigens lesled is u mean of five difTcrcni replicates 
S 1 2 3 4 5 6 7 8 S 
Fi2 ? Polypeptides profile of Fl. F2. F?. FJ. F3. F6. F7. and FK fractions as revealed by silver >tiininc 
id 19 polypeptides. rcj.peclively. while F4, F5, F6. F7 and F8 each contained 14. 9. 9. 14 
d 24 polypeptides and were mostly ol low molecular weight range. 
As all the eight partially purified fractions from the Sephadex G-200 column reacted 
sitivcly in ELIS.^. these were subicctcd to Western blotting after SDS-PAGE. .A limited 
mbcr of polypeptides appeared to be antigenic and their molecular weight ranged from 
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Fig. 4. Wesiern immunoblotling of FI-F8 fractions obtained by Sephadex G-200 gel fractionation and reacted 
with serunt raised in rabbit against the soluble extracts of Casmnhylax crumenifer. 
< 14 kDa 10 50 kDa (Fig. 4). Bui the polypeptides of Mr 15-19,24. 28-30, 32, 33, 49and 
SOkDa were present in six of the eight fractions. 
4. Discussion ' 
The soluble protein of G. crumenifer when subjected to column chromatography using a 
Sephadex G-200 matrix, eight fractions were obtained, of which only the first four fractions 
(F1-F4) were found to be of high antigenic potential and could be detected by ELISA up 
to a dilution of 1:12,800 of the primar\' rabbit hyperimmune sera. Overall, three groups 
of antigenic polypeptides were detected in G. cn/mem/cr somatic extracts. FI, F2, F3 and 
F4 are highly antigenic, F6 and F7 are moderately antigenic, while F5 and F8 are poorly 
antigenic as evident from the antibody titre. Unfortunately, there is no previous report on 
the antigenic profile of amphistonic parasites in general, therefore, the present investigation 
is a preliminary allempi to analyse the antigenic polypeptides of this neglected parasite. 
As evident from the present report, the low molecular weight polypeptides of Mr <14, 
15-19, 23-24, 27-28 and 30-33 kDa pertaining to fractions F1-F8 were predominantly 
antigenic in G. crumenifer indicating antigenic heterogenity in this rumen amphistome. 
Whether such aniigens arc immunodominant under natural conditions needs to be con-
(inmcd. 
A varii^ iN of antigenic coinponcnis have been identified in another trematodc. Schistosoma 
mansoni (Curtis et al.. 1996). which include 28 kDa glutathione s-transferase (Capron et al.. 
1992), a 28 kDa iriose phosphate isomerase (Shoemaker ct al., 1992) and a 37 kDa glycerol 
phosphate dehydrogenase (Goudet-Ccozel et al., 1989). In addition, Ruppel el al. (1985) 
analysed the polypeptides of adult S. mansoni for iheir immunodiagnostic potential for 
schisio.somosis. A 31 kDa polypeptide reacted w ith all schislosomosis sera and several sera 
of su.spcctcd schislosomosis cases in Western blotting. These workers concluded that this 
MK StiiliilliihtKi! /Vclciimii\ P,iuisiu>ti'V\ l77f^(20(KJ) l-.S 
31 kDa pol}pcplidc is one of ihe most immunogenic antigen Irom immunodiagnostic point 
of view. Besides this, Indrawati et al (1991) have also studied the partially purified antigenic 
polypeptides of another ircmatode, Paragoninuts^Tsteniianausing Western blotting.-and— 
identified a 35 kDa antigen which showed 100% sensitivity and specificity for the detection 
of paragonimiosis. 
Therefore, it is concluded from the results of the present findings that the antigenic 
polypeptides of C crumemfer are mostly of low molecular weight ranging from <14 to 
50 kDa However, antigens of 15-19,23-24,28-32 kDa appeared to be dominant antigens, 
as these were present in most of the partially purified fractions of G crumemfer. Since 
this parasite exhibits a strict seasonally regulated reproductive cycle (Hanna et al., 1988), 
further investigations are required (using sera from the infected buffaloes) to find out whether 
the potential antigenic polypeptides are of immunodiagnostic value particularly during the 
non-reproductive phase of the parasite. 
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Abstract 
The excretory/secretory (ES) metabolic products released by Gastrothylax 
crumenifer (Trematoda: Digenea) during in vitro incubations and the somatic 
extract of the adult parasite were analysed using polyacrylamide gel electro-
phoresis (PAGE). Immimogenicity of ES and somatic extracts were evaluated by 
immunoblotting and ELISA using sera raised against ES and somatic antigens in 
rabbits. The electropherogreuns of ES and somatic extracts have been resolved 
into 38 and 41 polypeptides, respectively. The apparent molecular weights of 
these polypeptides range from < 2 9 to >205kDa. A total of 14 polypeptides 
were to be common to both of the samples. The analysis of immtinoblot results 
revealed 22 and 27 antigenic polypeptides in ES and somatic extracts 
respectively. Only 11 and 13 antigervic polypeptides were found specific to ES 
and tissue extract respectively. The molecular weights of these specific 
/ polypeptides were calculated to be < 14.4, 16, 20, 25, 33, 42, 119, 125 and ( ^ 
K205kDa for metabolic products and <14.4, 25, 30,35, 78, 84 and >205kDa fc«^ 
the tissue extracts, respectively. Analysis of ELISA results revealed that a 
dilution of up to 1:3200 of the test sera could react with the ES product. Further, 
when the ES antigens were allowed to react with antisomatic extracts in 
hyperimmune sera the litre of IgG increased up to a dilution of 1:12800. The 
potential importance of these antigens in the immunodiagnosis of amphisto-
miasis is discussed. 
t., 
Introduction 
Paramphistomiasis is one of the most common diseases 
of nuniiiants causing high morbidity and mortality in 
tropical and subtropical areas. Adult parasites, especially 
thpse inhabiting ti\e rumen, have low pathogenicity. 
However, migrating immature stages cause severe patho-
logical disturbances including haemorrhagic inflammation 
in the alimentary tract, oedema and anaenua (reviewed by 
Horak, 1971). In India, numerous outbreaks of acute 
paramphistomiasis associated with high mortality among 
yoimg sheep, goats, cattle and buffaloes have occurred 
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(Pande, 1935; Bawa, 1939; Katiyar & Varshney, 1963; Panda 
& Misra, 1980). Various species of amphistomes infecting 
domestic ruminants have been reported and most of the 
literature is confined to taxonomic and histomorphologi-
cal descriptions (Stiles & Goldberger, 1910; Nasinark, 1937; 
Thapar, 1956; Sey, 1979; Dutt, 1980; Mehra, 1980; Eduardo, 
1985; Mattison et al., 1994). 
Despite the enormous economic importance of amphis-
tomes, no comprehensive attempt has been made to 
analyse the antigens of this group of trematode parasites. 
The identification, isolation, purification and character-
ization of parasite antigens are reqviired for vaccination, 
immunological diagnosis, analysis of immimopathology 
and for the quantitation of various immune responses of 
the host Considering the importance of immtmological 
diagnosis of amplustomes, particularly during the pre-
monsoon period when the rumen parasites stop shedding 
M.K. Saifullali et al. 
eggs (Hanna et al., 1988), the present investigation was 
carried out to identify Gaslrothylax cmmenifer excretory-
secretory and somatic antigens which nuy be useful for ttie 
immunodiagnosis of rumen amphistomiasis. 
Materials and methods 
Collection of parasites 
Active and mature Gastrothylax crumenifer were col-
lected from the rumen of Indian water buffaloes (Bubalus 
bubalis) slaughtered at the local abattoir. Worms were 
washed with Hanks' Balanced Salt Solutioris (HBSS) 
without glucose, pH 7.4, premaintained at 37°C. The 
worms were divided into two groups, one for collection of 
excretory-secretory (metabolic) cuitigervs and a second 
group for total worm homogenates. 
Collection of excretory-secretory (ES) antigens 
Mature worms were washed in 0.01 M sterilized phos-
phate buffered salii\e (PBS) pH 7.1. A total of 15 worms 
per 20ml saline were incubated for 5h at 3TC. After 
incubation, wonns were removed and the suspension 
containing ES proteins centrifuged at 16000x^ for 30min 
at 4'C. The supernatant obtained was dialysed against 
double distilled water for 24 h at 4°C and then lyopWlized 
ii\ Freeze Dryer DC 41 (Yamato Scientific Co., Ltd., Tokyo, 
Japan). Finally, the freeze dried material was stored at 4°C 
for further studies. 
Homogenizatian 
Worms were homogenized in 0.1 M Tris HCl, pH 7.4, 
sorucated in a Ralsonic disintegrator for a few seconds 
and centrifuged at 10,000 x^. The resultant pellet was 
discarded and the supernatant stored at 4''C. Protein 
concentration of somatic extracts as well as ES proteins 
were determined by the dye binding method of Spector 
(1978). 
Collection of hyperimmune sera 
Hyperimmvme sera were raised in rabbits as described 
by Harlow & Lane (1988). One millilitre of metabolic and 
somatic antiger\s (containing 4 mg ml"^ protein) was mbced 
with Freund's Complete Adjuvant and injected intra-
muscularly in rabbits at four ^ites. Subsequently, two 
boosters aach coi\sisting of ^ m g r n l " ' protein and 
Fretmd's Incomplete Adjuvant were given at an interval 
of 10 days. Thereafter the rabbit was bled and the sera 
isolated. 
Sodium dodecyl sulphate-polyacrylamide gd electrophoresis 
(SDS-PAGE) 
For analyses of protein profiles, SDS-PAGE was perfor-
med using the method of Laenvmli (1970) in a separating 
7-15% gradient slab gel and 4% stacking gel using a 
vertical slab gel system (Pharmacia, LKB, Sweden). The 
soluble protein sample containing about 70 ng protein 
was mixed with an equal volume of Laemmli's sample 
buffer (0.625 M Tris-HCl, pH 6.8), containing 20% SDS 
and 5% (v/v) ;S-mercaptoethanol, and the sample was 
boiled for 8 min at 100°C. Standard high molecular weight 
marker proteins ranging from 29 kDa to 205 kDa (carbonic 
anhydrase, 29 kDa; ovalbimrdn, 45 kDa; bovine serum 
albumin, 66 kDa; phosphorylase-b, 97.4 kDa; /3-galactosi-
dase, 116 kDa and myosin, 205 kDa) were purchased from 
Pharmacia (LKB). Electrophoresis was carried out at 6°C 
using^ultitemp H, \Ml thermostatic circulator (Pharmacia, 
LKSTSweden) by applying a constant current of 30 mA/ 
slab gel until the marker tracking dye reached 1 cm above 
the gel before the end of the electrophoretic run. 
Silver staining 
Silver staining of gels was performed using the method 
of Oakley et al. (1980). Gels v/ere prefixed m 50% (v/v) 
methanol, 10% (v/v) acetic acid, 40% DDW for 30 min and 
fiitally fixed in 10% glutaraldehyde for 45 min. Thereafter 
the gel was rinsed overnight in large volim\es of DDW. 
After thorough washing, the gel was b'eated with 
dithiothreitol (0.5 mg per 100 ml) for 30nain and then 
with 0.1% aqueous silver nitrate (w/v). The colour was 
developed in 3% Na2CO3 + 50Ml of 37% formaldehyde 
(per 100 ml of solution). After visualizing an appropriate 
coloxir of polypeptides, the gel was qmckly washed in 
DDW and the reaction was stopped with 2.3 M citric add. 
Immunoblotting 
Excretory-secretory and somatic extracts of G. crumeni-
fer were solubilized in SDS-reducing buffer and applied 
to 7-15% gradient polyacrylamide separating gels with 
4% stacking gel as described earlier. After electrophoresis 
for 3h proteins were tnmsferred onto 0.45/un pore size 
immobilon p, membrane (Millipore, USA) by the semidry 
technique using tl\e Nova Blot assembly (Pharmacia, 
LKB) as described by Towbin el al. (1979). Non-specific 
sites were blocked with blotto (Le. 5% skim milk, 
Anikspray, India), and blots were incubated in hyper-
immune sera with blotto in a ratio of 1:100 for 3h. 
Subsequentiy the strips were thoroughly washed with 
Tris btiffered saline at pH 7.4 containing 0.02% Tween 20. 
The strips were then incubated in antirabbit IgG con-
jugated with alkaline phosphatase at a dilution of l£20O0 
in blotto for 3h. Finally, antigeruc polypeptides were 
visualized by bromochloro-indolyl phosphate/nitroblue 
tetrazolium (BCIP/NBT) chromogen. AU the steps were 
carried out at room temperature with continuous shak-
ing. After the reaction the strips were rinsed in distilled 
water and photographed using black and white film. 
Enzyme linked immunosorbent assay (EUSA) 
Flat-bottomed polystyrene miaotitre plates (Dynatech, 
USA) were coated with 50/il per well of antigei^ in 
coatirig buffer (protein concentration of lO^tgml"') and 
left overnight at 4X1. The wells were then washed three 
times with PBS containing 0.1% Tween, blocked with 
150 til of 5% skim milk in PBS and incubated at rooin 
temperature for 1 h. The plates were again washed three 
times with PBS contaiiung 0.1% Tween-20 (washing 
buffer), 100;il of serially diluted test sera were added to 
each well and incubated for 3 h at room temperature in a 
humid chamber. The plates were washed again 3 times for 
Antigens of Gastrolhylax crummifer 
lOmin with washing buffer. Thereafter, 50^1 of 1:1000 
diluted antirabbit IgG conjugated with alkaline phospha-
tase was added to each well and again incabated for 3 h at 
room temperature. After incubation the plates were 
washed 3 times for 10 min with the washing buffer. The 
reaction was developed by adding 100^1 of substrate, 
p-iutroph^^l phosphate (Sigma, USA) in a concentration 
of Imgm^Mn 10% diethanolamine (DEA) buffer and 
incubated at room temperature for 20 min. Finally, the 
reaction was stopped by the addition of 50 ^ 1 of 3 N NaOH 
solution and optical density (OD) was read at 405 run on 
an ELISA Reader (SLT Instruments, Austria). 
Results 
SDS-PAGE 
The results of gradient SDS-PAGE profiles of somatic as 
well as metabolic products (ES) of G. cntmenifer revealed 
a total of 4] and 38 polypeptides, respectively. The 
apparent molecular weight (Mr) of these polypeptides 
ranged from <29kDa to >205kDa (fig. 1). Further 
analysis revealed some common as well as a number of 
unique polypeptides in both somatic and metabolic 
antigens, with a total of l4 polypeptides being common 
in both types of antigens. Somatic extracts of the worm 
revealed 11 characteristic polypeptides with molecular 
weights of 190,105, 95, 70, 67, 65,56,54,52 and 40kDa 
while metabolic products of the parasite showed nine 
characteristic polypeptides of 160,100,64,53,51,45,43,39 
and29kDa. 
Immunoblotling 
In order to find out the antigenicity of somatic and 
metabolic antigens of G. crumenifer, SDS-PAGE was 
performed and tlie proteins electrotransferred onto a 
nitrocellulose membrane. The trai\sblotted polypeptides 
were then allowed to react with homologous (ES antigen 
vs. anti-ES cintisera or somatic antigen vs. antisomatic 
antisera) and heterologous (ES antigen vs. antisomatic 
antisera or somatic antigen vs. anti-ES antisera) hyper-
immune antisera. The results revealed 27 and 22 antigenic 
polypeptides when somatic extracts and metabolic 
products respectively were treated with hyperimmune 
sera raised against metabolic antigens. The apparent 
molecular weights ranged firom <14.4 to >2051dDa. A 
total of 11 and 13 antigens were foimd specific to ES and 
somatic extracts respectively (fig. 2). The apparent 
molecular weights of these individual specific antigens 
were >205, 125, 119, 42, 33, 25, 20, 16 and <14.4 and 
> 205, 89, 78, 35,30, 27 and 14.4 kDa for ES and somatic 
extracts respectively. The prominent antigens of ES and 
somatic extracts are indicated by arrows in fig. 2. 
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Fig. 1. SDS-PAGE profile of somatic aiwi ES proteiiw of 
Gastrothykx crumenifer. S, standard; H, somatic protein; E, ES 
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Fig. 2. Immunoblot analysis of excretory-secretory and somatic 
antigens of Gastrolhylax crumenifer. S, standard; C, control; 
^H , somatic antigens; E, ES antigens."] 
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Fig. 3. Mean ELISA absorbance values (nm) of ES and somatic extract antigens of Gastrotltyhx crumenifer as detected by various dilutions 
of rabbit hyperimmune sera. A: ES antigen vs. anti-ES antisera; B: ES antigen vs. anti-somatic antisera; C: somatic antigens vs. antisomatic ^ 
J antisera; D: somatic antigen vs. anti-ES antisera. O, control; • , experimenhl.Q (C 
ELISA 
When ES antigens treated with anti-ES hyperimmune 
sera it was found that a dilution as high as 1:3200 of test 
sera could react well with the ES antigens. Further 
dilution of the primary sera could not detect ES antigens 
in the ELISA. In the present experiment, a cut-off point of 
0.420 OD was identified, below which reaction was 
considered to be negative (fig. 3). When ES antigens 
reacted with anti-somatic extracts In the antisera, it was 
observed that a 1:12800 dilution of primary sera can 
detect ES antigens by ELISA. This revealed a two-fold 
inaease in the detection ability of anti-somatic antisera 
(fig. 3). The titre of IgG was found to be very high when 
the reaction was carried out with somatic antigens and 
antisomatic primary sera as a homologous reaction. An 
absorbance value as high as 1.949 i 0.24 was detected 
when the dilution of the primary sera was 1:100. The 
absorbance value at 1:12800 dilution was 0.463 ±0.20 
which was well above the discriminant point 
Discussion 
Many workers have emphasized the importance of ES 
antigens in host-parasite interactions and it is not 
surprising that antibodies to these antigens arise in 
natural infections. In the present study we have demon-
strated a nvunber of antigens in ES and somatic extracts of 
G. crumenifer. Although tiie SDS-gradient PAGE of both 
Antigens of Gastrothylax crummifer 
ES and somatic extracts separated into several polypep-
tides, some o( which were common to both ES and 
somatic extracts, only a small number of polypeptides 
was found to be antigenic in nature. Among 11 specific 
polypeptides of ES antigens, 16, 20, 25, 33, 42, 119 and 
125 kDa polypeptides were found to be highly immxmo-
dominant based on Western blot analysis. Similarly, Paron 
et al. (1995) demoi\strat3d about 40 polypeptides using 
SDS-PAGE in the somatic extracts of Paragonimus hetero-
iremus but only nine of these polypeptides were shown to 
be antigenic in Western blots. The molecular weights of 
these polypeptides ranged from 35 to 16 kDa. Of these 
only three polypeptides of Mr 35, 33 and 32.5 kDa were 
reported to be specific to Paragonimus which did not 
cross-react with any other antiparasite sera. 
Our interest has been to study both metabolic (ES) and 
somatic extracts of G. crumenifer to compare the antigenic 
profiles in the two samples. Both somatic extracts and ES 
products of this parasite are highly complex yet some 
common and specific polypeptides were demonstrated. 
Specific antigeiuc polypeptides of the somatic extracts 
were <14.4, 27, 30, 35, 78 and 84 kDa, respectively. 
Ur\fortunately, there is no previous report on the antigenic 
polypeptides of any amphistome parasite, therefore, the 
present investigation is a preliminary attempt to analyse 
antigenic polypeptides in this neglected parasite. Several 
investigators have attempted to characterize the metabolic 
antigens of the other trematodes, including Maleewong 
et al. (1992) who arwlysed the metabolic products of P. 
heterotremus by SDS-PAGE and immunoblotting. A total of 
11 antigenic polypeptides of P. heterotremus were identi-
fied by Western blot, in the molecular weight range of 
lZ3-144kDa. 
In the present study, some antigenic polypeptides in 
the range of 25-42 kDa molecular weight reacted strongly 
with hyperimmune rabbit sera but it is premature to assign 
any specific rmmimodiagnostic role for these polypeptides 
lirJess their antigenicity is tested xising sera from naturally 
infected buffaloes. Although ES and somatic preparations 
showed some sinxilarity, fiie distinct electrophoretic pat-
terns in SDS-PAGE, the uitique and strongly reactive bands 
in the immunoblots and the high titre of IgG in ELBA 
indicate the potential importance and strong immimo-
genicity of the m.etabolic products. 
The enzyme linked immunosorbent assay (ELBA) has 
been used extensively in the immunodiagnosis of para-
sitic ii\fections for the last two decades, but not in the 
diagnosis of G. crummifer infections. In the present study 
w h e n the ES and somatic extracts of G. crumenifer were 
used to detect IgG antibodies in hyperimmunized rabbit 
sera, the titre of IgG was very high. A dilution of 1:3200 of 
primary sera could comfortably detect the IgG antibodies 
using ES antigen in homologous reactions. However there 
were some variations in IgG titres when heterologous 
/reactions were performed (i.e. somatic antigei\s were / 
tloused to detect ti\e anti-ES antibodies). Oti^er workers/, 
observed that crude antigerw prepared, for example, from 
Schistosoma mansoni gave strong cross reactions with 
Fasdola hepatica as well as P. westermani (Hillyer & Serrano, 
1983) but in the present study the cross reactivity of G. 
crumenifer ES antigens with other parasites have not been 
checked. However, the partial cliiaracterizaHon of these 
polypeptides reported here is an important first step 
towards the goal of obtairung recombiiuint homologues 
which can be exploited for immunodiagnosis or immtmo-
protection of amphistomiasis in buffaloes. 
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CYTOSOLIC AND MITOCHONDRIAL TRANSAMINASES OF THREE SPE-
CIES OF BUFFALO AMPHISTOMES (TREMATODA: DIGENEA) 
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Summary 
The level of 2- oxoglutarate linked transaminases were investigated in the cytosolic and mitochondrial 
fractions of Gastrothylax crumenifer, Paramphistomum epiclitum and Gigantocotyk explanatum inhabiting 
rumen and liver of Indian water buffalo, respectively. Both qualitative as well as quantitative differences were 
observed in the activity of aspartate, arginine, glycine and valine transaminases in the cytosolic and mitochondrial 
fractions of the three species. Among these enzymes only aspartate transaminase level was found maximum in 
the three amphistomes. In rumen amphistomcs the level of cytosolic arginine and glycine transaminases were 
higher in P. epiclitum where as the activity of mitochondrial arginine, glycine and valine transaminases was higher 
in G- crumenifer. Among the three amphistomes, the cytosolic arginine transaminase activity was higher in G. 
explanatum as compared to G. crumenifer and P. epiclitum. Various enzyme modulators like cycloheximide, 
diethyl dithiocarbamate, ethylene diamine tetracetic acid, iodoacetamide and semicarbazide hydrochloride produced 
differential effects on the cytosolic and mitochondrial transaminases of amphistomes. The EDTA and 
cycloheximide stimulated cytosolic valine transaminase in G. explanatum while diethyl dithiocarbamate and 
semicarbazide hiydrochloride were ineffective on the cytosolic arginine as well as valine transaminases of G. 
crumemifer and G. explanatum respectively. Similarly mitochondrial arginine transaminase of G. crumenifer and 
P. epiclitum was insensitive to EDTA. Such interspecific differences in the enzyme levels and their differential 
response to modulators reflect individual variations in enzyme moieties. Further, the similarities and dissimilarities 
observed could be a consequence of biochemical adaptation, niche segregation and phyiogenetic variations among 
amphistomes. 
Introduction 
Amphistomiasis is one of tiie commonest diseases of buffalo in tropical countries. In 
some localities the prevalence of infection in individual hosts can reach tens of thousands of 
flukes. Increased production can only be achieved if proper buffalo health management 
programmes including control of parasitic diseases are planned and effectively implemented. 
Thus, it is utmost important to investigate the unexplored metabolic pathways of trematodes 
in order to find out the metabolic peculiarities, so that new anthelmintics could be designed. 
Parasitic mode of life requires an efficient protein metabolism involving a wide array 
of transaminases which are known to be widely distributed in parasitic helminths 
(Barrett, 1991), but relatively limited number of amino acids are known to serve as substrate 
for transainination reactions (Grantham &Barrett, 1986a). Subcellular distribution of 
transaminases has been reported in a number of helminth parasites (Cornish and Bryant, 
1975; Walker and Barrett, 1991). Recently, differential level and distribution of some 
transaminases in the cytosolic and mitochondrial fractions of Gastrothylax crumenifer and 
Gigantocotyle explanatum have been reported (Abidi and Nizami, 1995). 
In the present study, sub-cellular distribution of transaminases has been investigated 
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in three amphistome species infecting Indian water buffalo, in order to find out the species 
specific and/or influence of the habitat. The choice of three species namely G. crumenifer, 
P. epiclitum andG. explanatum was considered important since they parasitize two different 
habitats within the same host and offer an interesting opportunity to examine, on a 
comparative basis, the differences, in their enzyme levels and response to various enzyme 
modulators. 
Materials and Methods 
Fresh and mature Gastrothylax crumenifer, Paramphistomum epiclitum from rumen 
and Gigantocolite explanatum from liver were collected from Indian water buffaloes 
{Bubalus bubalis) slaughtered at the local abattoir. Worms were quickly washed with Hank's 
balanced salt solution without glucose (HBSS), pH 7.4, premaintained at 37°±2°C. The 
worms were homogenized in the medium containing 0.05M Tris-HCl buffer pH 6.8;0.25M 
sucrose; 100 mM MgCI^ and 0.5% bovine serum albumin (BSA). 
Cytosolic and mitochondrial fractions; To isolate the cytosolic and mitochondrial 
fractions, the differential centrifugation technique of Podesta et al. (1986) was used. The 
total homogenate was centrifuged at 500 x g twice for 20 min to remove the debris and the 
supernatant was again centrifuged at 1 OOOx g for 15 min. at 4°C. Pellet thus obtained containing 
nuclear fraction was discarded and the supernatant was recentrifused at 8,000 x g. for 30 
min at 4°C. The resultant pellet contains mitochondrial fraction while the supernatant was 
used as cytosolic fraction. The mitochondrial pellet was washed in 0.05M tris -HCl buffer 
(pH- 6.8) with and without BSA for 20 min at 16,000 x g. Finally, pellet was suspended in 80 
mM phosphate buffer (pH 7.4) and subjected to sonication for 30-60 sec in ice. 
Assay of transaminases: The 2-oxoglutarate linked aspartate, arginine, glycine and 
valine transaminases were estimated by the method as described by Bergmeyer and Bernt 
(1974). The enzyme assay mixture of total volume 3.7 ml contained 80 mM phosphate 
buffer pH 7.4;200 mM amino acid ;0.18 mM NADH, MDH and LDH (0.5 mg protein/ml); 
12 mM 2-oxoglutarate and enzyme preparation. The change in absorbance (AE/min) at 340 
nm was recorded for 3 min and an extinction coefficient value of 6.22 for NADH was 
employed for the calculation of the amount of NADH oxidised / mg protein / hour. 
Effect of some enzyme modulators: To examine the effect of enzyme modulators 
on the activity of transaminases, cycloheximide (CH), diethyl dithiocarbamate (DDC), ethylene 
diaminetetracetic acid (EDTA); iodoacetamide (lA) and semicarbazide hydrochloride (SC) 
were added at a final concentration of 1 x 10' M to the assay mixture. 
Protein estimation: Protein was estimated by the method of Spector (1978) using 
bovine serum albumin as standard. 
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Results and Discussion 
The present findings revealed both qualitative and quantitative differences in the level 
of 2-oxoglutarate linked transaminases in the rumen and liver amphistomes. Differences in 
the level of transamination of donor amino acids were found not only in the cytosolic and 
mitochondrial fractions of the two species but variations in the two fractions of the same 
parasites under study showed pronounced activity irrespective of habitat or subcellular 
distribution. On comparing the subcellular distribution of aminotransferases it was observed 
that the levels of arginine, glycine and valine transaminases were higher in the mitochondrial 
fraction as compared to cytosolic fraction of G. crumenifer and P. epiclitum, while in G. 
explanatum glycine and valine transaminases were higher in the mitochondrial fraction as 
compared to cytosolic fraction (Table, 1). 
Tablel: The level of 2-oxoglutarate linked transaminases in the subcellular compartments of 
amphistomes 
Donor 
Amnio 
Acids 
Aspartate 
Arginine 
Glycine 
Valine 
G. crumenifer 
Cystosol. 
10.05±0.25 
0.55±0.04 
0.61±0.04 
0.79±0.07 
Mitoch. 
5.17±0.02 
2.59±0.37 
2.59±0.22 
1.94±0.22 
P. epiclitum 
Cystosol. 
15.29±0.04 
0.88±0.0I 
1.32±0.02 
0.74±0.02 
Mitoch. 
8.19±0.28 
l.21±0.08 
1.70±0.16 
0.97±0.08 
G. explanatum 
Cystosol. 
7.29±0.04 
1.74±0.21 
0.94±0.05 
0.75±0.02 
Mitoch. 
5.78±0.63 
1.07±0.]0 
1.72±0.15 
1.07±0.06 
Enzyme activity is expressed in \x moles NADH oxidized/mg protein/h ± S.E.M. 
Further, individual variations in the transaminase activities at subcellular level was 
noticed in presence of some enzyme modulators like cycloheximide, diethyl dithiocarbamate, 
EDTA, iodoacetamide and semicarbazide hydrochloride which generally induced inhibition 
of varying degree (Tables, 2&3) with the exception of cycloheximide and EDTA which 
stimulated the enzyme activity of cytosolic valine transaminases in G. explanatuni (Table,3). 
Further diethyl dithiocarbamate and semicarbazide hydrochloride did not produce any effect 
on the cytosolic arginine transaminase of G. cnimenifer (Table 2). Similarly, the mitochondrial 
arginine transaminase did not respond to EDTA in G. explanattim while in rumen parasites 
iodoacetamide failed to produce any effect (Table,2). In the cytosolic fraction of G. 
explanatum and mitochondrial fraction oiP. epiclitum, DDC and semicarbazide hydrochloride 
did not affect the valine transaminase respectively (Tabl;e,3). 
On comparing the effects of enzyme modulators in individual parasites at subcelluler 
level, it was observed that in G. crumenifer only DDC produced 50% inhibition in the 
sytosolic glycine transaminase activity where as the mitochondrial glycine transaminase 
activity was reduced to 50% by cycloheximide, DDC and EDTA (Table, 3). Futher, EDTA 
produced 63 and 67% inhibition in the enzyme activity of mitochondrial arginine and 
cytosolic valine transaminases respectively (Table,2 &3). In P. epiclitum, relatively poor 
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Table 2 : Per cent inhibition of aspartate and arginine transaminases present in the sub-
cellular fractions of amphistome parasites 
Inhibi-
tors 
Conl. 
CH 
DDC 
bDTA 
lA 
SC 
G . 
Cystoso). 
Asp 
10.05 
±.25 
9.7 
7.9 
23 
18.8 
10.3 
Arg 
0.55 
±.04 
22.3 
NE 
11.1 
33.4 
NE 
crumenifer 
Mitoch-. 
Asp 
5.2 
±.02 
25 
50 
37.5 
37.5 
37.5 
Arg 
2.59 
±.37 
25 
25 
62.5 
NE 
25 
P. epiditiim 
Cystosol. 
Asp 
15.29 
±.04 
22.6 
17.8 
4.8 
8.7 
2.9 
Arg 
0.8 
±.01 
16.6 
4.2 
8.4 
8.4 
12.6 
Mitoch. 
Asp 
8.2 
±.28 
14.2 
8.2 
17.1 
20.1 
17.1 
Arg 
1.21 
±.08 
20 
40 
40 
NE 
40 
G. explanatum 
Cystosol. 
Asp 
7.29 
±.04 
48.4 
29 
19.3 
10.3 
10.3 
Arg 
1.74 
±.2! 
56.8 
59.5 
54.1 
54.1 
64.9 
Mitoch. 
Asp 
5.78 
±.63 
17.2 
44.9 
51.8 
44.9 
34.5 
Arg 
1.07 
±.10 
66.7 
33.4 
NE 
33.4 
33.4 
Control values are expressed in n moles NADH oxidized/mg protein/h ± S.E.M. NE=No. effect 
response to enzyme inhibitors were observed . In the cytosolic fraction, only cycloheximide 
produced maximum inhibition (33.4%) of glycine transaminase (Table 3), while the 
mitochondria! valine transaminase was inhibited (50.1 %) by cycloheximide. The mitochondrial 
glycine transaminase activity was inhibited (57.2%) by the EDTA and semicarbazide 
hydrochloride. 
Contrary to rumen parasites, enzyme modulators effectively inhibited the enzyme 
activity in both cytosolic and mitochondrial fraction of G. explanatum. The cytosolic arginine 
transaminase was inhibited by cycloheximide, DDC,EDTA, iodoacetamide and semicarbazide 
Table 3 : Per cent inhibition of glycine and valine transaminases present in the sub-cellular 
fractions of amphistome parasites 
Inhibi-
tors 
Cont. 
CH 
DDC 
EDTA 
lA 
SC 
G. 
Cystosol. 
Gly 
0.61 
±.05 
20.0 
50.0 
30.0 
20.0 
9.9 
Gly 
0.79 
±.07 
15.4 
38.4 
30.8 
23.1 
38.4 
crumenifer 
Mitoch. 
Gly 
2.59 
±.22 
50.0 
50.0 
50.0 
25.0 
25.0 
Gly 
1.94 
±.22 
33.3 
33.3 
66.7 
33.3 
33.3 
P. epiditum 
Cystosol. 
Gly 
1.32 
±.02 
33.4 
16.6 
16.6 
11.1 
16.6 
Gly 
0.74 
±.02 
20.1 
5.0 
20.1 
10.0 
10.0 
Mitoch. 
Gly 
1.70 
±.16 
14.3 
42.9 
57.2 
57.2 
42.9 
Gly 
0.97 
±.08 
50.1 
25.0 
25.0 
25.0 
NE 
G. explanatum 
Cystosol. Mitoch. 
Gly 
0.94 
±.05 
30.0 
35.0 
25.0 
35.0 
20.0 
Gly Gly 
0.75 1,72 
±022 ±.15 
+12.5**58.6 
NE 58.6 
+31.3** 79.3 
18.8 58.6 
25.0 69.0 
Gly 
1.07 
±.06 
33.4 
50.0 
33.4 
16.7 
50.0 
Control values are expressed in \i moles NADH oxidized/mg protein/h ± S.E.M. 
•* Indicates per cent stimulation 
NE=No. effect 
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and produced 56.8%, 59.5%, 54.1%, 54.1%, and 64.9% inhibition respectively (Table, 2). In 
the mitochondrial fraction, cycloheximide, semicarbazide, DDC. EDTA and iodoacetamide 
produced 58.6%,69%, 58.6% 79.3% and 58.6% imhibitions in glycine transaminase 
respectively (Table, 3). Further, DDC and semicarbazide produced inhibition (50%)) of valine 
transaminase activity (Table,3). 
As can be seen from the present results that no generalisation is possible in the level 
of transaminases in the amphistomes occupying two different microenvironments of the 
same host. However, a number of donor amino acids, particularly aspartate, arginine, glycine 
and valine are involved in transamination of amphistomes. The variations in the enzyme 
activity from species to species as well as in their subcellular fractions are evident and 
aspartate transaminase showed the maximum activity in both cytosolic and mitochondrial 
fractions of the trematodes under study. High enzyme activity of aspartate transaminase 
has also been reported from other helminths by a number of workers (Wertheim et al, 1960; 
Abusenn, 1966; Watts, 1970 and Abidi and Nazmi, 1995). Low activity of arginine, glycine 
and valine transaminase indicates that donor aminoacids did not efficiently participate in the 
transamination reaction. Similarly low level of arginine and valine transaminases have been 
observed in Cryptocotyle lingua (Watts, 1970). Singh and Srivastava (1983) have also 
reported poor transamination of arginine and valine \n Ascaridia galli. Low transamination 
has also been reported in A. lumbricoides when glycine was used as donor aminoacid 
(Pollak and Fairbairn, 1955). Contrary to this, in Fasiala hepatica moderate arginine 
transaminase activity was observed (Daugherty, 1952). Transamination of arginine and 
valine indicates that these amino acids are metabolised either for conversion into other 
molecules or for energy purpose as also suggested by Singh and Srivastava (1983). Conversion 
of arginine to ornithine in schistosomes, suggests the possible involvement of this amino acid 
in the ornithine urea cycle (Senft, 1966) but in amphistomes low level of arginine transaminase 
activity has been observed. 
Differences in the enzyme activity occuring in the amphistomes can be attributed to 
differences in the physico- chemical nature of the rumen and liver which may account for 
the differences in the biochemical, physiological and other metabolic activities of the parasite. 
Further, such variations may also be attributed to diet, age and reproductive phase of the 
worms (Daugherty, 1952). Studies carried by Hanna et al. (1988) and Khan et al, (1990) 
suggested that the biochemical variations in amphistomes may be due to the seasonal 
reproductive cycle which influences the morphometric changes in the reproductive organs. 
Pronounced level of aspartate transaminase activity, indicates that oxaloacetate 
produced from this reaction may enter into the modified TCA cycle for the generation of 
energy. Although, poor transamination was observed when arginine, glycine and valine were 
used as donor amino acids, but the importance of transamination lies in the fact that the 
glutamate formed through transamination reaction acts as donor for the formation of a variety 
of nitrogenous end products (Barrett, 1981) or may lead to the generation of ATP in 
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mitochondria (Saz, 1971). 
The action of cyclohexlmide is known to inhibit cytoplasmic protein synthesis in 
isolated mammalian and yeast cultures (Bennet et al. 1965), it also inhibited the incorporation 
of H^ arginine in Haematolechus medioplexiis (Pappas, 1971). The inhibitory effects of 
cycioheximide, EDTA, iodoacetamide were recorded on GOT and GPT level oi A. galli 
(Saifullah e/a/.. 1993). 
In the present study diethyl dithiocarbamate exhibited very little inhibitory effect on 
the transaminase activity of liver and rumen parasites. However, EDTA, a known chelator, 
produced differential effects on the transaminase activities of amphistomes.EDTA has been 
reported to inhibit GOT activity of G. explanatum, G. crumenifer and Srivastavaia indica 
while GPT was inhibited in G. explanatum only (Siddiqui and Nizami, 1982). They have 
further reported the stimulatory effect of EDTA in GOT of Echinistoma malayanum while 
GPT activity in G. crumenifer and Srivastavaia indica and E. malayanum remained 
unaffected. Similarly, Gupta and Trivedi (1988) have reported that EDTA stimulates the 
enzyme activity of sheep nematode Bunostomum trigonocephalum. Walker and Barrett 
(1991) have reported the inhibitory effect of EDTA on the cytosolic alanine transaminase 
activity of//, comtrotus while elevation of enzyme activity was observed in host tissues 
which may be due to the displacement of some metals at active sites of these enzymes. 
Iodoacetamide is an alkylating reagent inhibiting irreversibly the catalytic activity of 
some enzymes by modifying cystein and other side chains. In'the present study, iodoacetamide 
produced inhibitory effects on transaminases of cytosolic and mitochondrial fractions, except 
the mitochondrial arginine transaminase of G. crumenifer and P. epiclitum which did not 
respond to any change in the enzyme activity. In previous study, Siddiqui and Nizami (1982) 
have observed complete inhibition of GOT and GPT of G. crumenifer, S. indica, G. 
explanatum and E. malayanum by iodoacetamide. It was further observed that iodoacetate 
in combination with cystein stimulated both GOT and GPT activities while in combination 
with mercaptoethanol GOT activity of rumen amphistomes was stimulated. 
It can be concluded from the above discussions that varying responses of the 
transaminases to different enzyme modulators reflect not only the individual metabolic 
differences of parasites but also suggest the variations in the nature of enzyme moieties. No 
generalization is possible forthe level of aspartate, arginine, glycine and valine transaminases 
differentially distributed in the cytosolic and mitochondrial fractions. The individual 
variations in the enzyme level and also the response to different modulators reflect nor only 
the differences in the enzyme moieties but also indicates differences in metabolic pathways 
which might be operative as a consequence of occupying different habitats. 
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ABSTRACT: Transaminases like glutamate oxaloacetate transaminase (GOT), 
glutamate pyruvate transaminase (GPT) and polypeptide profile were analysed in 
male and female Ascaridia galli. The GPT level In male as well as in female worms 
was found higher as compared to GOT. The inhibitory effects of cycloheximide, EDTA 
and indoacetamide were more pronounced on the GOT activity in female as com-
pared to male worms. The analysis of polypeptide profile, following staining of SOS 
gels with coomassie brilliant blue R-250, revealed a total of 47 and 48 polypeptides, 
while, with silver stain, 65 and 67 polypeptides in male and female worms respectively 
were observed. The molecular weight (Mr) of the polypeptides ranged from < 14.4 
KD to > 205 KD. Besides fundamental homologies in protein profile, some character-
istic bands specific to either sex were also observed. It has been suggested that such 
differences could be exploited for development of diagnostic probes and in designing 
of new drugs. 
Key words: Transaminases, polypeptide profile, inhibitors, Ascaridia galli 
INTRODUCTION 
The parasitic infections of domestic fowl assume great economic significance with 
an ever increasing demand for poultry and their products. Among a wide array of 
parasitic infections of poultry Ascaridia galli commonly occur in the intestine of 
domestic fowl Gallus galliis domeslicus. 
In the past, various metabolic and physiological studies have been carried out 
particularly on carbohydrate metabolism of A. galli, possibly because the carohydrates 
serve as primary energy source and most of the known anthelmintics interfere in 
carbohydrate metabolism of the parasites. The sex linked differences in the activity of 
various enzymes and the differential effect of enzyme modulators have also been 
reported \nA. galli (Srivastava et al., 1970; Singh and Srivastava, 1983; Ahmad et al., 
1984 and Siddiqui et al., 1986). But other metabolic pathways like protein and nucleic 
acids have remained somewhat neglected. It is therefore important to investigate these 
pathways with special reference to parasitic and sex linked idiosyncrasies in the 
metabolism which could form the basis of designing new chemotherapeutic agents. In 
the present communication an attempt has been made to investigate the transamination 
process and polypeptide profile in the male and female^, galli. 
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METHODOLOGY 
Infected intestines of the domestic fowl (Gallus gallus domeslicus) were collected 
from the local matket.Ascaridia galli were isolated from the intestines and thoroughly 
washed with Hank's saline. Thereafter, both male and female worms were separately 
homogenized in 0.25M sucrose for enzyme assay. For electrophoresis the worms were 
homogenized in O.IM tris HCl, pH 7.4, containing 10 mM EDTA and 10 mM PMSF. 
The soluble proteins were isolated by centrifugation at 7500 x g. 
The 2-oxoglutarate linked aspartate and alanine transaminases were estimated by 
the UV method as described in Berghmayer (1974). The enzyme assay mixture of total 
volume 3.7 ml contained 80 mM phosphate buffer (pH 7.4), 200 mM amino acid, 0.18 
mM NADH, MDH and LDH containing 0.5 mg protein/ml, 12 mM 2-oxoglutarate and 
enzyme preparation. The change in absorbance, E/min at 340 nm, was recorded for 3 
min and an extinction coefficient value of 6.22 for NADH was employed to calculate 
the amount of NADH oxidized. Specific enzyme activity is described asju moles NADH 
oxidized per mg protein per min. For study of effect of inhibitors, the inhibitors like 
cycloheximide, EDTA and iodoacetamide, at final concentration of 1 mM was added 
to the assay mixture. The rest of the procedure was same as described earlier. Protein 
was estimated by the method of Spector (1978) using bovine serum albumin as standard. 
For the analysis of protein profile, SDS-PAGE was performed following the method 
of Laemmli (1970) in a separating 7-15% gradient slab gel and 5% stacking gel using 
a vertical slab gel system (Pharmacia LKB, Sweden). The soluble protein sample 
containing about 100 fig protein was mixed with equal volume of Laemmli's sample 
buffer, 0.625 M tris-HCl, pH 6.8, containing 5% (v/v) /S-mercaptoethanol and it was 
boiled for 8 min at 100°C. The standard low molecular weight marker proteins, ranging 
from 14.4 KD to 94 KD (Lactalbumin 14.4 KD, Trypsin inhibitor 20.1 KD, Carbonic 
anhydrase 30 KD, Ovalbumin 43 KD, Albumin 67 KD and Phosphorylase b 94 KD) and 
high molecular weight marker proteins ranging from 29 KD to 205 KD (Carbonic 
anhydrase 29 KD, Ovalbumin 45 KD, BSA 66 KD, Phosphorylase 97.4 KD, / 3 -
yalactosidase 116 KD and Myosin 205 KD) used in the present study were purchased 
from LKB Pharmacia. The electrophoresis was carried out on vertical slab gel system 
(LKB, Pharmacia, Sweden) at 6oC using a Multitemp II, thermostatic circulator (LKB, 
Pharmacia, Sweden) by applying constant current of 30 mA/slab gel until the marker 
tracking dye reached 1 cm before the end of the gel. 
Following electrophoresis, gels were fixed in 10% (v/v) acetic acid, 45% (v/v) 
methanol and 45% DDW (double distilled water) for 1 h and stained in 0.25% 
Coomassie Brilliant Blue R-250 prepared in fixing solution. Silver staining of gels was 
performed following the method of Oakley (1980). Gels were prefixed in 50% (y/v) 
methanol, 10% (v/v) acetic acid, 40% DDW for 30 min and finally fixed in 10% 
glutaraldehyde for 45 min. Thereafter the gel was rinsed overnight in large volumes of 
DDW. After washing, the gel was treated with dithiolhreitol (0.5 mg / 100 ml) for 30 
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min and then with 0.1% aqueous silver nitrate (w/v) sodium carbonate in DDW 50 ml 
of 37% formaldehyde for every 100 ml developer solution. After the development of 
appropriate colour of polypeptide bands, the gel was quickly washed in DDW and 
reaction was stopped with 2.3 M citric acid. The molecular weights for each polypeptide 
was determined by the method of Weber and Osborn (1969). 
RESULTS AND DISCUSSION 
It is evident from the present results that the 2-oxoglutarate linked transaminases 
particularly the glutamate oxaloacetate (GOT) and glutamate pyruvate (GPT) trans-
aminases are present in A. galli (Fig. 1). The level of both the enzymes was higher in 
male worms, whereas on comparing the intraspecific activity of two enzymes, the level 
of GPT was found higher than GOT in both male and female worms (p < 0.05). Higher 
GPT activity both in male and female worms is in agreement with a previous report on 
this parasite (Singh and Srivastava, 1983). The level of GPT has also been reported 
higher in the various helminth parasites like Ascaris lumbricoides (Pollak and Fairbairn, 
1955); trematodes (Tandon and Misra, 1984), redia of Cryptocotyle lingua and Cercaria 
emasculans (Watts, 1970), in the cytosolic and mitochondrial fractions of Gastrothylax 
cnimenifer and the mitochondrial fraction of Gigantocotyle explanatum (Abidi, 1990). 
It appears that the requirement of alanine as a precursor for other metabolic process 
is higher in these parasites, as following transamination of the carbon skeleton of this 
amino acid would enter the gluconeogenesis pathway, thereby entering the energy 
production process as also reported for higher organisms (Murray e< a/, 1988). But this 
can not be said conclusively about the strategy of the gastrointestinal helminths to 
utilize amino acids for energy production unless further studies are carried out. 
However, it has been reported for Hymenolepis diminuta, that aspartate and alanine 
participate in the fermentative energy generating pathways of this parasite (Wack et al, 
1983). It is not clear at this stage as to why these organisms would utilize amino acids 
when the primary energy source may be readily available from the gastrointesitnal 
contents which provide a nutritionally rich microenvironment. Alternatively the higher 
demand of alanine for the protein synthesis could be in order to maintain the increased 
fecundity to ensure the establishment of their germ line. 
The effect of three inhibitors used in the present study, viz., cycloheximide, EDTA 
and iodoacetamide produced different levels of inhibition in GOT and GPT activity in 
both male and female worms (Table 1). The inhibition of both the enzymes was more 
pronounced in the female worms. The inhibition of GOT in both male and female 
worms was in the order of: EDTA > iodoacetamide > cycloheximide, while for GPT the 
order of inhibition was: cycloheximide > EDTA > iodoacetamide in male worms only 
whereas in female, the inhibitory effects of cycloheximide and EDTA on GPT activity 
were more or less similar but higher than iodoacetamide. 
The differential response of GOT and GPT to the inhibitors in male and femaleyl. 
galli indicates that the tranaminases of the female worms might be more sensitive. It is 
• also possible that these enzymes might be existing in the polymorphic forms and a 
particular isozyme may be specific to the female which could be more sensitive to the 
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Figure 1: The 2-oxoglutarate linked aspartate (GOT) and alanine (GPT) transaminases 
activities in male and female Ascaridia galli. 
Plate 1: Gradient SDS-polyacrylamide gels stained with coomassie brilliant blue R-250 
(1) and with silver stain (2). lA: Low molecular weight markers, 2A: High molecular 
weight markers. B and C lanes in both the figures (1 & 2) show polypeptide profile 
of the male and iemaic Ascaridiagalli respectively. Arrow heads showing some of the 
characteristic polypeptides. 
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the range of Mr. 10 KD to 20KD and some in the higher molecular weight range (Mr. 
>94 KD) were only detected by CBBR-250. Similarly CBBR-250 can detect Cal-
modulin and Troponin C which can not be detected with silver stain while the latter 
staining procedure is less sensitive for the detection of basic proteins as compared to 
the neutral proteins ( Triel et al, 1982). Thus different protein classes can be detected 
in the same heterogenous mixture by employing different gel staining procedures. 
However, the extra polypeptides detected in the female worms but inconspicuous in 
males could be associated with the process of egg production. The presence of 
characteristic sex-linked polypeptides has a greater significance and can be exploited 
for the preparation of diagnostic probes and in the development of vaccines. 
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inhibitors used. This certainly requires future studies on isozyme profile. The available 
information on transaminases indicate that these enzymes occur in polymorphic forms 
(Von Brand, 1979) and respond differently to metabolic inhibitors or stimulators 
(Siddiqui and Nizami, 1982). The cycloheximide which is a known inhibitor of cytoplas-
mic protein synthesis (Bennet et a/,1964,1965; Siegel and Sisler, 1964 a, b; Kerridge, 
1958, Jamieson and Palade, 1968 a) is reported to interfere with the incorporation and 
uptake of aminoacids by parasitic helminths (Pappas, 1971; Nollen, 1968). Thus it 
would be ultimately interfere with the transaminase system. The inhibitors used in the 
present study were tested separately to see their effects on transaminases oiA. galli, 
but in another study when iodoacetate and cystein combined together, they stimulated 
both GOT and GPT activity in some digenetic trematodes (Siddiqui and Nizami, 1982). 
Table-1. Effect of inhibitors on aspartate (GOT) and alanine (GPT) transaminase 
activities (ji moles NADH oxidized/ mg protein/ min) in male and icmale Ascaridia 
gam. 
Inhibitors 
Cycloheximide 
EDTA 
lodoacetamide 
GOT 
Male 
0.081 ± 0.002 
(1.22) 
0.079 ± 0.004 
(3.66) 
0.080 ± 0.001 
(2.44) 
Female 
0.060 ± 0.001 
(26.83) 
0.058 ± 0.002 
(29.27) 
0.056 ± 0.004 
(31.71) 
GPT 
Male 
0.084 ± 0.005 
(13.40) 
0.086 ± 0.002 
(11.34) 
0.092 ± 0.002 
(5.15) 
Female 
0.072± 0.001 
(24.74) 
0.072 ± 0.003 
(25.77) 
0.080 ± 0.003 
(17.52) 
Values are mean ± SEM. Figures in parentheses indicate % inhibition. 
The results of SDS-PAGE are presented in Plate. 1 which exibit some fundamental 
homologies and sex-linked characteristic differences in the polypeptide profile of v4. 
galli. Marked differences were also evident in the polypeptide profile as detected by 
coomassie brilliant blue R-250 ( CBBR-250) and silver staining procedures. A total of 
47 and 48 in male and female, respectively, were detected by CBBR-250. Whereas with 
silver stain a total of 65 polypeptides in male and 67 polypeptides in female were 
detected. The apparent molecular weight (Mr) of polypeptides ranged from < 14.4 
KD to > 94 KD as detected with CBBR-250 but Mr. range extended to > 205 KD when 
silver stain was used. As detected with CBBR-250 only one polypeptide band (Mr. 26 
KD) was found specific to male while three polypeptides (Mr. 20 KD, 24 KD and > 94 
KD) were specific to female worms. Since silver stain can also detect the conjugated 
proteins, a characteristic 28 KD polypeptide in male while three specific polypeptides 
(Mr. 22.1,49 and 59 KD) in female worms were detected. 
Higher number of polypeptide bands detected by silver staining could be of con-
jugated proteins like lipo-, phospho- or glyco proteins. Some of the polypeptides within 
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